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ON THE COVER: 
Although colored movies were taken of the Trinity test, 
they were of .poor quality and have since deteriorated. This 
cover photograph, also showing the ravages of 20 years, 
is the only existing color shot of the test. It was taken, 
surprisingly enough, by an amateur using his own camera. 
Jack Aeby, now of H-6, was working at Trinity with 
Emilio Segre studying delayed gamma rays. Segre 
secured permission for Aeby to carry his camera to the 

Aeby says, “It was there so I shot it.” The picture was 
taken from just outside Base Camp with a Perfex 33 camera 
using 35 mm film. The photograph provided the basis for 
the Theoretical Division‘s earliest calculations of the 
Trinity weapon% yield and was shortly confiscated by the 
Army and first published after the announcement was 
made of the bombing of Japan. 

site to record the group’s activities. Came the test and, a s  
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"We were reachinig into the unknown and 
mot know Mihat might come of it . . .Ii 

Brig. Gcn. Thomas I;. Fairell 
Kepoi t to  the Wai Ikpartmcni 

luly 18, 1945 

T'lic tweiii irtb anniversary 
o l  Ilic 'J 'riid y 1 cst of July IF, I915 
la t h e  occasiurr for tclling the ',tory 

ol oric oi the !;reatest 
scicmtiiic adiic~vcmcnts o f  all tiinc. 

1'hc ta lc  is told hore in 
two parts: Part I, thc story 

01 h c  'li'riniry ~ c s t ,  :tnd 
l'art 1 I ,  I Iic s i  ory ol bww 

tlir bornh was built. 

I 



foreword 
The  rain stopped at 4:OO a.m. The decision to 

proceed with Project Trinity was announced at 
5:lO. Nineteen minutes and 45 seconds later the 
desert of the Jornada del Muerto grew brighter than 
it had ever been before, even on the hottest summer 
noon. 

The  date was July 16, 1945. Man’s first attempt to 
produce a nuclear explosion had succeeded. One 
direct result would be the end of the second World 
War. Twenty years later, as this account goes to 
press, some of the other results are still beyond 
calculation. 

The  atomic device used on that morning was 
called the Fat Man. It was a heavy sphere, about 
five feet tall. Its essential components included a 
core of plutonium metal, a surrounding layer of 
high explosive, and a large number of electrical 
detonators that looked a little like spark plugs. It 
had cost-according to the most sensational of many 
possible ways of figuring-a little less than two bil- 
lion dollars. 

Though the Fat Man had been designed and built 
a t  Los Alamos, New Mexico, it owed much of its 
success to people in other places. The  first atomic 
explosion marked the climax of a nationwide re- 
search and development program. 
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Jumbo, the tremendous steel vessel 
designed to contain the ex,plosion of 
the first atomic device, arrived a t  the 
siding at Pope, New Mexico, in the 
spring of 1945. Container was 25 
feet long and weighed 214 tons. 

A special 64-wheel trailer was required to carry Jumbo across the desert to 
Trinity site. By this time, scientists had more confidence in the implosion device 
and recovery plans had been abandoned. 
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At Trinity, Jumbo was erected on a tower 800 feet 
from Ground Zero. It survived the explosion unscathed. 

then in charge of bomb assembly, wrote that 
“Jumbo is a silent partner in all our plans and is 
not yet dead. . . . We must continue preparations 
for (its) use until Oppenheimer says to lorget it for 
the first shot.” 

And a silent partner it remained. Ultimately the 
magnificent piece of engineering was erected on a 
tower 800 feet from Ground Zero to stand idly by 
through the historic test. 

Once the decision has been made, in the spring 
of 1944, to conduct the test, the search began for 
a suitable test site. Los Alamos was ruled out im- 
mediately for both space and security reasons and 
the search spread to eight possible areas in the 
western United States. 

T o  please the scientists, security and safety peo- 
ple alike, the site requirements were numerous. It 
had to be flat to minimize extraneous effects of the 
blast. Weather had to be good on the average with 
small and infrequent amounts of haze and dust and 
relatively light winds for the benefit of the large 
amounts of optical information desired. For safety 
and security reasons, ranches and settlements had to 
be few and far away. The  site had to be fairly near 
Los Alamos to minimize the loss of time in travel 
by personnel and transportation of equipment, yet 
far enough removed to eliminate any apparent con- 
nection between the test site and Los Alamos 
activities. Convenience in constructing camp facil- 
ities had to be considered. And always there was the 
ever-present question: Could Jumbo be readily de- 
livered there? 

Throughout the spring a committee, composed 
of Oppenheimer, Bainbridge, Major Peer de Silva, 
Project intelligence officer, and Major W. A. 
Stevens, in charge of maintenance and construction 
for the implosion project, set out by plane or auto- 
mobiles to investigate the site possibilities. They 
considered the Tularosa Basin; a desert area near 
Rice, California; San Nicholas Island off Southern 
California; the lava region south of Grants; an area 
southwest of Cuba, New Mexico; sand bars off the 
coast of South Texas; and the San Luis Valley 
region near the Great Sand Dunes National Monu- 
ment in Colorado. 

By late summer thc choice was pretty well nar- 
rowed down to part of the Alamogordo Bombing 
Range in the bleak and barren Jornada del Muerto 
(Journey of Death). The area had the advantage of 
being already in the possession of the government 
and it was flat and dry although almost constantly 
windy. The nearest inhabitant lived 12 miles away, 
the nearest town, Carrizozo, was 27 miles away. It 
was about 300 miles from Los Alamos. 

The  Jornada del Muerto derives its grim name 
from its barren, arid landscape. Old Spanish wagon 
trains headed north would be left to die in the 
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A portion of l l i u  Alclniogerdo Bombing Kaiigc WNS 

elioscm as the site for the Trinity test. This section of the 

la51 week it was (hristcnrtl Project I .  I3y actual 
us,i~;c, people ;ire talking o f  Project T, oiii p a s m  
arc stamped ‘I’ a r i d  1 would like IO see tlic project, 
for siniplicity, called I’rojcrt ‘ I ‘  I atlicr than Project 
J. I do not bclicvct this will Xiriiig any coii1usiori with 
Biriltling ’ I ’  01 Sitc ‘l‘.’’ 

Nothing \viis simple ir i  p e p i  ation4 Tor tlic tc5t 
; t n c ~  t ~ i c  wx-iiring 01 iriaps or 111c tcri site was n o  
cxccytioti. Ixst  I m  Alariios appear involved, tlir 
job wits liaiidlcd by thc l’roject’s smrrity oIficc which 
m i i ~ ~ g c c l  to woid pinpoin tirig the area of iritcrcst 
by ordcring, tlirough dcvioiis (hanncls, all geodetic 
siirvey niaps lor Ncw Mcxico and southcrn Cali- 
Iorrii:t, all coitstal cliai t s  lor tlic LJnitctl Statcs, and 
most 01 11ic g r a h g  scrvicc iincl county maps 01 New 
Mexico. ‘l’hci c was coiisiclcrablc delay whilc tlic 
maps wcrc collcctcd aiid sorted. 

DcG#pitc the niaiiy complicatccl steps taken to 
avoid ally brccrh 01 secirrity lhere wcrc a lew 
snalur. As soon as construction hcgan on the test 
site ir bc3cainc ricccssary to liavc radio coinmimica- 
tiori within the fitc so that radio-equipped cars 
could inaintairi contact with the guards and with 
peoplc at  the various parts ol ~ h c  area. Later, corn- 
nitmiration woiild bc essential brtwecn the grouricl 
;tnd the I t -29~ participating in thc test. A request 
went out to Washington for a \per hl ,  cxclusivc~ 
wavc lcngth for cncli opcratioii so tliat thcy could 
not, tw ntoiiitorctl. 

Montlis wciit by ;ind a t  las t  the ,tssignnicnts tainct 
back. Eut  alas, tlic short wave system 101 the grouiid 

test site was located at McDonald ranch which served 
as assembly headquarters Cor the atomic device. 



was on the same wave length as a railroad freight 
yard in San Antonio, Texas; the ground to air 
system had the same frequency as the Voice of 
America. 

“We could hear them (in San Antonio) doing 
their car shifting and I assume they could hear us,” 
Bainbridge reported later. “Anyone listening to the 
Voice of America from 6 a.m. on could also hear 
our conversations with the planes.” 

On the basis of a thorough Laboratory survey of 
proposed scientific measurements to be made at the 
test, justification for all construction and equipment 
requirements was sent in a detailed memo to Groves 
on October 14. On November 1 Groves wired Op- 
penheimer his approval of the necessary construc- 
tion but asked that “the attention of key scientists 
not be diverted to this phase unnecessarily.” 

He needn’t have worried. By August the outlook 
for the implosion program had turned bleak indeed. 
The  test preparations lost their priority and the 
Laboratory turned nearly all its attention toward 
overcoming the serious difficulties that were de- 
veloping. Urgency in securing manpower for re- 
search and development on the problem was so 
great that all of Bainbridge’s group, except for 
a few men in Louis Fussell’s section X-2c, were 
forced to abandon their work on the test and con- 
centrate on development of a workable detonating 
system and other top priority jobs lest there be no 
test at all. 

Between August and February, however, Fussell’s 
section did manage to work on such preparations 
as acquiring and calibrating equipment, studying 
expected blast patterns, locating blast and earth 
shock instruments, and installing cables to deter- 
mine electrical and weather characteristics, in addi- 
tion to the design and construction of the test site 
Base Camp and the design and contract for Jumbo 
-about all the test program could demand with the 
plight of implosion so desperate. 

Contracts were let early in November for con- 
struction of Trinity camp, based on plans drawn 
up by Major Stevens in October. The camp was 
completed in December and a small detachment 
of about 12 military police took up residence to 
guard the buildings and shelters while additional 
construction continued. 

As the new year arrived, the implosion work be- 
gan to show more promise and the Research Divi- 

sion under R. R. Wilson was asked to postpone even 
its highest priority experiments and turn its four 
groups, under Wilson, John Williams, John Man- 
ley, and Emilio Segre, to developing instruments 
for the test. 

By February the Laboratory was mobilizing. Op- 
penheimer had long since been committed in Wash- 
ington to a test in July and the deadline was fast 
approaching. I n  a conference at Los Alamos, at- 
tended by General Groves, it was decided then and 
there to freeze the implosion program and con- 
centrate on one of several methods being investi- 
gated-lens implosion with a modulated nuclear 
initiator. The conference then outlined a detailed 
schedule for implosion work in the critical months 
ahead: 

April 2: full scale lens mold delivered and ready 
for fuIl scale casting. 

April 15: full scale lens shot ready for testing and 
the timing of multi-point electrical detonation. 

March 15- April 15: detonators come into routine 
production. 

April 15: large scale production of lenses for en- 
gineering tests begin. (Lenses direct explosive’s shock 
waves to suitable converging point.) 

April 15-May 1: full scale test by magnetic 
method. 

April 25: hemisphere shots ready. 
May 15-June 15: full scale plutonium spheres fab- 

ricated and tested for degree of criticality. 
June 4: fabrication of highest quality lenses for 

test underway. 
July 4: sphere fabrication and assembly begin. 

By the following month the schedule had already 
been shifted to establish July 4 as the actual test 
date and that was only the beginning of the date 
juggling. 

Overall direction of the implosion program was 
assigned early in March to a committee composed 
of Samuel K. Allison, Robert Bacher, George Kis- 
tiakowsky, C. C. Lauritsen, Capt. William Parsons 
and Hartley Rowe. For its job of riding herd on the 
program the committee was promptly dubbed the 
Cowpuncher Committee and it was the Cowpunch- 
ers who had the responsibility for the intricate job 
of integrating all the efforts of Project Y, the ar- 
rival of critical material from Hanford and the 
activities at Trinity site in order to meet the test 
deadline. 

Trinity Base Camp was built by the Army in the winter of 1944 and was occu- 
pied by a detachment of military police from December on. By summer it was 
a bustling hive of activity with more than 200 scientists, soldiers and technicians. 
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growiii!; in scvcral syuarc miles 0 1  crnpty dcscrt. 
l'hcrc was ;I iiia/c ol roads to be> biiilt, lirir~drccls ol" 

inilcs o l  wires to bc 411 urig ovci, 0 1 1  a r i d  under the 
ground,  ;I courplctc corru?iriiiicntiorr system installctl, 
hiiiltlirig~ to be crcctcd, sri])plics, cq~iipinc~rt and 
p~~rsotiricl to be tr;insporictl hctwccri Los Alamos 
nntl 7-1 inity, all under the t 1o;ilc 01 sii])rcinc sccrccy. 

I tic ~nitii wlio dioultlcicd this inonumcntal task 
M i i t s  John 11. INilIiiinis, lcadcr ol" the I,abol :it01 y's 

ostatic Germ iitoi SI o~ii) ,  w l i o  l ) c ~ ~ i 1 1 c  rcspori 
sihlc lo1 rrinity scrvitcs a s  1ic;trl ol 7'1L1, A5 lhrin- 
bi iclgc ~ ' r o t c  latcr, "1 1ic e01 rrlatioii or thc ( o n -  
striic tioii piogrnrn at i t l  tiic pi o p ( ~  ; t i ~ l  succcsslul 
tlcsign:ition oi tonsti uct ion ni t [  was cx;i( ting work 
rcqriiririg ' s u p ( ~ 1  iot judgincnt,' a s  tlic A r m y  says, 
a r i d  long hoLrrs of liai d work. Tllis was tlonc SLI- 

prcmely well by  Williams, to whom tltc Trinity 
project owes i-niacli lor tlic siic ccssl"ii1 corriplction 01 
the olm ation." IS;iiiibridgc h a s  a1w pointed out the 
iriv;lluitblc assist ancc providctl by Sgt . J. A. 10pp, 
who wets i n  cliargc or the wirc insiallation and 
consti ixctiou ai the site. 

Prociiremcnt 01 an incredible assorlmeii t ol" cquip- 
trirnt 1 angiiig lroni Klccncx to clabori1W scientific 
iiistruincnts was ii sceiningly insur mountable job 
lianrllctl by lbbcri  Van Gcnicrt, now Aternate licad 
ol tlic 1 ,abor-atory's Supply and I'ropcrty Ikpari-  
merit, aidctl arid al)ettccl by Frank <>ppciilieimcr 
who 4c1 vcd as l3ainhriclgc's iroublc shooier. 

l l y  April the nrunbcr 01 urgciit purcliasc rcyucsic, 
had inci caw1 so rapidly tliat it bcc mic r~cccssiiry to 
inllatc thc iirgciicy iittings t l i i t t  had bceii in usc by 



the Procurement Office. Until things got out of hand 
that spring, four ratings-X, A, B and C-had been 
used in order of decreasing priority. By early May, 
when everything seemed to warrant an X priority, 
it was anfiounced that this super urgent rating 
would be subdivided into three others: XX, XI, and 
X2. XX would be used only if failure to obtain the 
material would produce a setback of major im- 
portance in the overall program of the Laboratory. 
It authorized the Procuremcnt Office, through the 
Washington Liaison Office, to have recourse to the 
highest authority of the War Production Board and 
all government agencies and to use a special dis- 
patch or cargo plane from anywhere in the United 
States to get delivery. 

But the manufacturers were not impressed. Rep- 
resentatives from every armed service and govern- 
ment war project were pounding on their desks with 
equally high priorities and waiting six to 15 weeks 
for delivery while Trinity people were demanding 
three weeks delivery for the same item. 

The  problem was further coinplicated by the fact 
that there was no direct communication between 
the Project and thc purchasing offices, nor could 
Los Alamos buyers talk directly to the scientists at 
the site to discuss possible substitutions or com- 
promises on specifications. 

Some items were just well-nigh impossible to get- 
like the seismographs that were needed to check 
earth shock at outlying areas around the state. The 
only instruments available were finally located at 
a firm which had already sold them to the Nazi- 
sympathizing Argentine government. I t  took an 
overriding directive, direct from General Grove’s 

Hundred of miles of wires had to be strung between 
base camp, the control point, the instrument bunkers 
and Ground Zero-one of the countless jobs that kept 
men at Trinity working a t  a feverish pace throughout 
the spring and summer of 1945. 

office, to get the instruments shipped to Trinity 
instead. 

Another crisis came when 10,000 feet of garden 
hose were lost during a shipping strike. A second 
order was placed but by June 29 the hose was still 
on the list of critical items not yet on hand. The 
hose was used to encase cables to sensitive instru- 
ments to protect them from the weather. 

Delayed delivery on a number of urgent requests 
led Oppenheimer to call a meeting in May to re- 
view the procurement situation. One of the prin- 
cipal reasons for the delays, it turned out, was the 
shortage of personnel in the Los Angeles, New York 
and Chicago purchasing offices. Although the num- 
ber of requisitions had greatly increased there had 
been no increase in the number of buyers since 
January 1944, a situation blamed on salary re- 
strictions. As a result of the meeting salary adjust- 
ments were agreed upon and more personnel se- 
cured for all three offices. Direct communications 
were established between the Project and the New 
York and Chicago offices and Project members 
were asked to submit improved drawings and speci- 
fications. 

But slow or not, the materials did arrive and in 
June the amount of goods handled by the main 
warehouse at Los Alamos reached its peak. During 
May the warehouse handled an average of 35 tons 
a day, 89% of which was incoming; during June 
the daily average rose to 54 tons of which 87y0 
was incoming, and during the first half of July it 
was 40 tons a day, 80% incoming. A new shipping 
group was organized that spring to handle the out- 
going goods, most of them bound for Trinity or 
Tinian Island in the Pacific. 

Plenty of local procurement problems remained. 
First there was communication. Only five people 
on the project were allowed to telephone between 
Trinity and Los Alamos and these calls were routed 
to Denver, on to Albuquerque and finally to San 
Antonio, New Mexico. Teletype service was so 
bad, Van Gemert recalls, that you never knew if 
the test site was asking for a tube or a lube job. It 
soon became evident that the best way to com- 
municate was to send notes back and forth by the 
truck drivers. 

At least two and often as many as ten trucks left 
LOS Alamos every evening aftcr dark to avoid both 
the blistering desert heat and unnecessary notice, 
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and arrived <ti tlic trst sitc cnrly the iicxt morning. 
Aliiiost always tlicic was ii s top  to br mntlr at tho 
1J.S. Eiigincei yard in Rlbuqnc1qric~ l o  pick 111) 

items acltlrerstd to Prot. W. 17,. hurkc 01 the Uii i -  
vrrsily ol N e w  J\/lcxico’s [hys ir  s dcpti trncllt, who 
w-vcr! as a bljnd to ,ivoicl a (oiiiicclion 1)ctwceii tht. 
itcnis and Lo., Alamos. 

“W(,’tl get ~ h i i i g s  I O  ‘1 riuity m y  way wc codciy” 
Vaii Gciiiert a y s .  Some 01 ihc w‘iys w r ~ c  tlcviouc,. 
A carload ol telcphonc p l c s  wa , dcspci atciy nccdctl 
;IL i l ic tcst sitc ;iiirl iio freight ti;tin w r i h  tw;tvclin:; 
fast enough to get it thcic in time. Rltcr tonsiclcu 
ahlc i q i n g  tlic Sani il be  1 ai1ro;tcl (onseni et1 to at I 
tach the car to ~ l i c  r ( w  oi tht~ Supel Cl i i c l  ;tnd spell 
the c a ~ g o  to AIhrxq1lelquc. Ariotlicr tirnc, lor lack 01 
ircigh t ‘,pace, 24 iolls 01 xccordhig p p r r  were 
luxiiiiously en:,coiicrcl in a S u p  Cliiei tlrawiq; 
~ o o i i i  lo1 lhc t r i l ~  froin Cfiicngo. 

‘1 o supplciri(mt thc speci;il itcms, thc Procure 
iriciit pcoplc ~~stablislicd a coml)lctc t t ~  Iiiiicd s ~ o r L -  
room at the te5t sitc carly in the garrie aiirl truckeiil 
the entire stork Irom I,os Alanios. ‘ I  lie stockroom, 
known oficially as FURRR (fouled t i p  beyond all 
recognition), w ~ ‘ ,  inartrtcd b y  cmlistecl iiicii who used 
heir  sp;trc t i i w  to  manulacture tlic h t c  sliicltls 
iicerlctl to protrt  t ohmver4 11 om i h c  tcst blast. ’Ihr 
sliic~ltls were mxlc ol alurriinuin slic.etr, nmimtcd c)ri 
a s t i d i  hanclli., with w c l t k i ~ ’  gogglcs lor ii wintlow. 

‘Thcrc ncvrr seemetl to be enough pcoplc to take 
carr 01 all the, wmk t o  bc done on t 1 ~  icsl I)rcpal;r 
lions m t l  t h o s i ~  wl io  wcrc ;tvailablc, Iroai mrss at- 
tcndanls to g ~ o u p  Icatlci\, ~~111kc(l ;it :I 1evc.r pitch. 
R tcn liorrr (lay was coiisideictl iioinial atid it oftcn 
stretclictl to ;it W C A S I  18 houis. 

In thc spriiig or 1945 a big pa1 t or  r h r s  1,:iImratory 
wa:, rcorgaiiircd to takc tare ot the test ar id  marly 
peoplc found thcmsclvc~ involved iii it< tivitics rill 

rciiiovcd froin their iiorinJ d LI tics. J o l i i r  Willianrs, 
the high enri gy pli ysicist, took the rcymirildity Lou 
construclion anti servicing o r  tlic h 
Manlry wiis w1 apprd up in nriitroii incawrcmcntt 
as ; L  lieseai~h I )ivisioii group Iradei when lie sui1 
tlriily found l-tirnwlf in c1i;irge ol blast rncnrurr 
I t l C l l t S  €01  thv Itst. 

“1 tlitln’t know ;inythiug about blast uicasurc 
mrnts,” Iic ircalls 20 year5 latci. “We’d never doric 
anything likr that hcforc.” 

Iiut (den t  is taletit whcrcvci i i  is lound and i hc  
displaccd c1 cwt5 nnanagcd r x p i  tly and  cfflcicn tly 1 o 
bri ng tlicir rernarkablc tasks to ;I S ~ X C (  cssful con 
tlusion uriclcr cxtrcrnr prcv>iuc. 

I lrroixglioiit Lhr spring a r i d  siimriicr their was .r 
(oiistant stre;ini oC persorind iiavcling between Sitr 
Y ;mrl Trinity in a motley awot irncrit 01 brrsscs arttl 
cars, soine of 1 1 1 ~ 1 ~ 1  barely ablc to  make t he  long, 
mono t 01 mu5 t r ip  

’kcurity p i  cc;tirt ions were rigid. III Marrh, 1)aiia 

,_  

The flag flew at half-mast at Trinity 
base camp on April 12, 1945 when 
word came of the death of Frunklin 
D. Roosevelt. The president’s death 
gave Hurry S. Truman the responsibil- 
ity for making the crucial decision on 
the eventual use of the atomic bomb. 



P. Mitchell, assistant director of the Laboratory, 
issued terse, precise travel instructions: 

“The following directions are strictly confiden- 
tial and this copy is to be read by no one but your- 
self. You are to turn this copy in to me personally 
on your return to the site,” the memo read, and 
continued with specific directions and mileages for 
reaching the site. “Under no condition,” it went 
on, “when you are south of Albuquerque are you 
to disclose that your are in any way connected with 
Santa Fe. If you are stopped for any reason and 
you have to give out information, state that you 
are employed by the Engineers in Albuquerque. 
Under no circumstances are telephone calls or 
stops for gasoline to be made between Albuquerque 
and your destination.” 

Travelers were then instructed to “stop for meals 
at Roys in Belen, which is on the left-hand side of 
the main road going south. If you leave the site at 
7 a.m. you should make this stop around lunch 
time.” 

Even sa, by midafternoon when the travelers 
reached the little junction town of San Antonio, 
most of them were hot, tired and thirsty and Jose 
Miera’s bar and service station became a popular, 
if illegal, stop. Miera still remembers the unusually 
heavy traffic in those days. One of his customers, 
John Manley, remembers Miera’s wall of bottles. 

“He had the whole south wall of his place lined 
with bottles,” Manley reports. “We used to worry 
an awful lot about that. If our big blast traveled 

that far, that’s the wall it would hit.” Luckily it 
didn’t. 

Additional regulations required that all depart- 
ing groups and individuals stop at the office of the 
intelligence officer for an explanation of “the 
security objectives of Trinity.” All personnel were 
required to sleep and eat at the camp rather than 
in nearby towns, and recreation trips for movies and 
dinners to nearby towns were prohibited to officers, 
enlisted men and civilians alike. 

In  addition, all Trinity-bound personnel were 
required to report their impending departure to 
Oppenheimer’s office, to Intelligence Officer R. A. 
Taylor, and to Lt. Howard Bush who was trying 
to keep Trinity base camp running smoothly despite 
the constantly fluctuating population. 

As Bainbridge explained in a somewhat desperate- 
sounding memo “to all concerned” in April 1945: 

“If your schedule is planned some days ahead it 
will operate to the comfort of all concerned if you 
tell Lt. Taylor who is going down and when they 
are going down. Lt. Taylor will notify Lt. Bush, 
who can then make proper arrangements for suf- 
ficient food for the mess. Lt. Bush is issued rations 
three days a week-Monday, Wednesday and Fri- 
day-and he is required on a Monday trip to leave 
a list of his requirements to be picked up on the 
following Wednesday trip. This means a minimum 
of four days notification is necessary if there is to 
be sufficient food on hand so that he can avoid the 
present difficulties which late-comers run into of 



Iiaving t o  cat dvlicatesscn storc nmtt Instead 
particular roast dieclulcd lor  t h a t  day. l+asc co- 

‘1 hrre wcrc othcr problcnis 1 han supp[y and clc- 
mand. Sanitai y conditions in ~ l i c  ni(w hall wcr(‘ 
difhc ult to  miiintairi bccauw o i  the 11;trd witter. 
W1ir.n water sortcriing cquipnicnt was irrstallcd latcr 
it turrictl out thnt B miscalcuhtioii in water ;inaly:,is 
rcsultccl in a unit too sniall to haiitlk thc hugr 
amounts 01 g y p u r n  ;md liinc cnmuiifcrcil 

[n the b a i r a t k ~ ~ ,  tlesci t c1 catuics such iis smrpiom 
hat1 to l)c tarcluliy sliakcn oui o F  clothcs cadi morn- 
ing bclorc anyone dm cd d.re$s. 

Hrrt dcspitc the tliflicixliics t l i c  camp ran wcll. I’Ii(1 
h c a ~  o f  tlic dcscre siirrniicr was Iclicvcd by swims in 
the rattle watming rcseivoirs at tlic old M[cl)onalti 
uilrlch. A licrtl 01 ali tclopr tXisappcarcd Irorri ~ I I C ,  
rlcscrt range, ;I lact wliicli Itas bccn at(ri1iiitcd by 
thc pres5 to tbr ravages oi the Iirst atoiriic bonib. 
VOI incr ‘I’rinity rcsitlrnts, however, admit that hunt- 
ing with submachinc guns was ‘1 lavoritc pstirnc 
and antclop(’ > t w k  was an ahnost daily p a r  I 01 thr 
camp menu. 51) was range brcl, lassoed 11ca r (snip 
by arnatcur cowlmys. h beer Liintl niaintnincd by 
I d m a t o r y  pt.ople lielped make up lor ihe ruler 
against lcaving cain]) arid tlrcre wcrc nightly out 
door movies snpplicd ti om thc Army’sl ciidleS5 its 
501 tment of 13~ollywood filmsl. 

‘“l’lic choiccs of Lt. 11. C. Bush as (oirinriandiii~.; 
oi1icc.r 01 the ba:lc canip,” 1-l;iiiibridge wrote in 1946, 

;I particularly lorturiaic on(’. ‘I‘ittc wisc aiid 
crit runniag ol the cain]) by Lt. Eush tontrib- 
grcntly to thr success o l  the tmt. 11 war, it ‘haply 

tamp.’ ‘rbc ex( cllcnt camp morxlc and niilitary 
civilian ( oopcration did m u ~ h  to aincliorate tlir 
diffic illtics 01 operation urider +nil ivc rontlitions.” 

Girt tlicre wcrc tinics whrn tlir cxrcllcnt camp 
moral(: w a s  p ~ i t  10 sevclc test. 

ILtcli in 1)cccmbcr 1944 Iiainbi itlgc had c l i x , ~ ~  
with an unidcntificcl tollcaguc the tlangcrs or it 

po~siblc overshoot liy bombers using tire Alamo 
gortlo Bombing Kangc lor thcir practirc runs. 

“1 r they slionltl go north of Area No. 3 b y  mk 
lakc in  1945,” tic wrotc, “they woultl have  to go 
mor(’ than 15 iriilcs bcyond thc I)orrnd:uy in order 
to intrrlere with 11s. ‘l’lic probabilily that they will 
ovt’rslioot is likcly lo bc very smdl .  Lct tlicln have 
their Iun and scttlc with Ickcs lor ttir \ i V h i t r b  Sanch 
National Monunicnt.” 

nut within a lcw ntontlis they were trying, to  settle 
with l3airibrid;;c. 

opcratc . . ,” 

Tho show line ?ortiis at the Base Camp tiieslr hall. Per.. 
haps the menu offers antelope steak. 

OII May 10 shortly d t c r  1 a.m., threr practice 
100-pound bombs cariying iivc-pound black powdcr 
flash uiiits werc. dropped near the Base Camp 
?tal)Ics, sctting them afire, straddling tlic main bar- 
racks Ltiid bringing a pokrr game to a sudden halt. 
-1 hrce d‘rys latcr another bomb dropped on thc car- 
pentry shop. There was no srrious darnagc and no 
one wab hurt ,  

AII investigation rcvealctl that a squadron ol 
boml)cr:, lrom a basc soinc 2600 miles away was on 
its final long-rangc prac ticc mission belore going 
owrscris. ‘I lic lcad plancs had hit and conipletcly 
oblitcralcd tlic clearly-markcd bombing rangc tar- 
gets m d  in the conlusiori the following plancs a s -  
sunied thc well-lit camp site must bc the place. 

Iiainbridgc’s suggcstion that anti-aircralt guns 
lo,idcd with smoke s h c l l ~  bc uscd to defend the camp 
was rejcctcd but no further bombing attacks were 
inicl t* .  

On anotlicr owasion, however, a group or elcc- 
(riclms working at ii distant outpost stomped into 
carril, licadcluitrlcis, tossed a handful o€ spcnt 
machine gun sliclls on thc CO’q dcsk and rcsigncd. 
i t  was soon discovercd tliat gunnery crews in 
Alaniogordo bombers w c r ~  cncouragecl to sharpen 
thrir trigger cyes on aiitclopc herds roaming the 
bornhing rangc. For tlic clcctricians it had been too 
close lor comCor t. 

The  original date for tlic trial shot 01 100 tons 
ol ‘I’NT’ was May 5 but was soon shifted to May 7 
to  allow €or installation of additional testing equip- 
mcnt. Many additiondl rcq~xcsts had to bc refused 
sincc any lurthcr dclay would have put an intolcr- 
ablc burden on tlic wholc group in its attcnipt to 
incct thc J ~ d y  lest deadline. 

IIuiidreds of (rates of high explosive were 
1iruul;lit to thr site lrom Fort  Wingatc, Ncw Mexico, 
and rwclully stackcd on the platform of a PO-Coot 
tower. 1 ubcs containing 1000 curics of fission prod- 
ucts lrom the Ilaniord slug were intcrspcrsed in tlic 
pilc to simulate, at a low Icvcl, the radioactive 
products expcctcd from tlic nuclear explosion. ‘I’he 
wholc tcst was designed in scale for tlic atomic shot. 
‘ I  he rcntcr oi gravity of the high explosive was in 
scale with thc 100 foot hcight for lhc 4,000 to 5,000 
tons expcctcd iii tlic final test, and rneasurcinents 01 
blast effects, earth shock, and damage to apparatus 
arid apparatus shelters wrrc made at  scaled-in dis- 
tances. Only mcasuremcrits to dctcrniinc “cross talk” 
bctwecn rircui ts and photographic observations 
wcrc9 in general, carricd out at tlic lull distance 
prolioseecl for the final slioi. 

71’licn, as h e  last day 01 the European war 
dawned, the ‘TN1 was dctonalcd and it was spec- 
iriculdr. A huge, brilliant oiangc bid1 rose into the 
tlcscrt sky lighting thc pic-dawn darkness as iar 
away as thc Alamogordo basc 60 milcs southeast. 
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R crew prepcrres fissiori products from the H u n C d  SIU<J 
for insertion in the high explo!iive Tor tho 100-ton test, 
Materid simulated, at a low level, thc! rciclioactivt? 
products expected from the nuclear explosion. 

Crotes of high explosive, broughi from Ibrt  Wingate, 
are stacked on the 20-foot high wooden tower. Tht: 
inen have about 115 more rowri to go befort: the staclr: 
will ke complete. 

Completed stuck of 100 tons of TNT rests on the sturdy 
tower, ready for the May 7 iiring. Carpenters who built 
the tower were appalled, on  returning to the site after 
the test, to find the structure completely obliterated. 

The 100-ton explosion woulti have been an unfsrget- 
table sight, witnesses say, had it not been outdone SO 

soon afterwards by the nuclear explosion. Brilliunt 
orange fireball was observed 60 miles away. 
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The rehearsal proved to be tremendously valu- 
able and the high percentage of successful measure- 
ments in the final test may be attributed in large 
measure to the experience gained from the shot. 
Blast and earth shock data were valuable not only 
for calibrating instruments but for providing stand- 
ards for the safe design of shock proof instrument 
shelters. Measurement of the effects from the radio- 
active material inserted in the stack of explosive 
was especially valuable in giving information on the 
probable amount and distribution of material which 
would be deposited on the ground. This informa- 
tion was essential €or planning the recovery of 
equipment, the measurement of bomb efficiency, 
and protection of personnel €or the final shot. 

The test also gave the men, accustomed to well- 
equipped laboratories, a familiarity with the tribula- 
tions of field work, and perhaps most importantly, 
showed up some defects in the test operations while 
there was still time to correct them. 

Immediately after the test Bainbridge asked for 
lists of complaints about the operations from the 
various group leaders involved and on May 12, 
while the experience was still fresh in everyone’s 
minds, held a gripe session to discuss suggestions 
for improvements. 

Far and away the biggest complaint was trans- 
portation. Nearly everyone felt there were not 
enough roads between Ground Zero and the various 
shelters and the roads that did exist were in intoler- 
able condition. The  dust and ruts were hard on both 
personnel and instruments and the two-wheel drive 
GI sedans were constantly getting bogged down in 
a foot or so of soft, loose sand. They also asked for 
more vehicles and more repair men who could 
service the cars at night to avoid delays and keep 
up with the demand. 

T o  overcome poor communications throughout 
the test site, new phone lines, public address systems 
to shelters and short wave radios in automobiles 
were requested as well as a building in which to 
hold meetings. 

Everybody complained of lack of help to get 
things done on time and asked in particular for 
more help on procurement, shipping and stock 
management and a direct teletype to the Los Alamos 
Procurement Office. 

The group felt the operation was severely handi- 
capped by the interminable delays caused by rigid 
restrictions on the movement of personnel in and 
out of the various areas just before the test. They 
asked €or and got free access to all parts of the test 
area during the last few hours before the shot. 

Only one man complained about camp food. 
As a result of the meeting, 20 miles of black top 

road had to be laid, new structures built and a new 
communication system installed. After the test, too, 
a major effort had to be devoted to the final timing 

devices. Each experiment required different time 
schedules, some having to start ahead of Zero, others 
requiring a warning pulse only 1000th of a second 
ahead of the detonation. The circuits were the re- 
sponsibility of Joseph McKibben and the electronic 
timing device was developed by Ernest Titterton of 
Australia. In  addition to these chores there were the 
weak spots pointed out in the trial test to be over- 
come. And there was precious little time to do it. 

As early as April hopes of meeting the original 
Independence Day deadline had begun to dim. 
Delays in the delivery of full scale lens molds and 
the consequent delay in the development and pro- 
duction of full scale lenses, as well as the tight 
schedule in production of active material made it 
necessary to reconsider the date, and on June 9 the 
Cowpuncher Committee agree that July 13 was the 
earliest possible date and July 23 was probable. 

In  a memo to all his group leaders on June 19, 
Oppenheimer explained that although July 4 was 
accepted as a target date in March, “none of us felt 
that date could be met.” He then announced the 
Cowpuncher decision and explained, “In reaching 
this conclusion we are influenced by the fact that 
we are under great pressure, both internally and 
externally, to carry out the test and that it un- 
doubtedly will be carried out before all the ex- 
periments, tests and improvements that should 
reasonably be made, can be made.” 

And so the pressure mounted, security tightened 
and preparation went on with increasing speed and 
intensity. 

At Trinity the work goes on. Above: Julian Mack and 
B. C. Benjamin pause for a quick breakfast. Opposite, 
top: Berlyn Brixner handles a drill in preparation for 
camera installations at N 10,000. Middle: Benjamin 
and George Econnomu prepare charges for shock ve- 
locity determinations. Bottom: Darol Froman cuts pipe. 
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‘L‘lic. air hung 1ic;tvy ovcr the 1Till that sumnicr. 
Rains iailcd to come and precipitation wits hall  
thc iiorrnal arnount. ‘I’c~n1)cr atiircs i ow to iivct age 
lour clcgrcc5 above r i a  ni.11. Wafer bet amc scarce 
antl hies tlii cafcnccl, adding i o  thc irritations and 
Irustrations. 

1)orolIiy iVIclCibbin, who ran the Santa l‘c liaison 
oihrc lo1 the Los Alamos project, tould tliscern tlic 
tightening of tcnsioris on thc llill, but  lxcnusc ol“ 
rigid scrtxiity, 51w had only 1ic.r intuition to tell lier 
what w a s  happening. As many a s  90 pcoplc cliccltctl 
into her office cvcry clay and one clay slic counted 
IO0 phone calls. ‘“l’hc voices on the telephone 
diowccl siritin and tautiicss, ar id  I serisctl we wcrr 
almut to reach soimc kind ol rlimax in the 111 ojcct,” 
shc r cralls. 

In ihc Lahoratoiy, onc oi two hour meetings, 
;it tcndcd by  ( onsultants, group and scction leailcr3 
involved in 11ic ‘i’ririity I’rojcct, wcrc being liclrl 
cvcry Monday for considcr,ition ol iiew cxpcriimnls, 
correlation o f  the work, dctailctl scl-icduling and 
])10grcss rcporls. 

(h ie  0 1  tlic most important rorrcctivc 1ncilsurcs 
resnlting from the 100-ton test had hccn tlic setling 
ol n (late after which iirrthcr ;ipparatus, p,artitularly 
clcrtrical cyuipinent, coultl not hc introdutctl into 
the c y m  imcntd area. ‘l’hc clcadlinc would allow 
plcnry oi time For dry rtiiis a i t t l  woirltl rcclurc thc 
risk o f  last minute damagc to c1ccfrir;i I connections. 
In view 01 this, proposed cxpcrimcnts wcrc dc 
srribctl in writing in grcitt detail and subiriittcd to 
ii .tlx:cial exaininiiig c omrnitf cc. It approvrd they 
wcrc thcn subniiltcd to the Montlay nicctings whcrc 
they were considcrctl with respect to the test pro- 
gramrriirig a s  a whole bciorc being actcptctl. “Any 
new cxpcriincnt had to bc awfully good to be in 
el cldcd d t e r  tlic dcatlliric.” Eainbridgc rcports. 

F’or aLmrt a month bcfoi c thc tcsi, john Williams 
hcld nightly rncctingi ‘it ’i’iiiiily t o  hear icpoits on 
ficlcl construc tion progrcs? and to plan tlrc assign- 
incnt ol men lor tlic lollowing thy. (:onstruetion 
Iiclp was assigned 0x1 the basi5 01 n t d s  and priority 
of cxpcrimcnts which hat1  1)ccn acccpLccl lor thc 
test. 

Meanwhile, J.  M. Hubbard, who l ixl  joined thc 
‘1 rinity Projcc t early in April, a s  tnctoorology super- 
visor, h i d  undcrtakcn tlic job ol dctcrniiniiig the 
brst test date lrorn it  wcathcr point ol view. 

Wc‘tllicr was a vital iactor. C k ; u  wcathcr was 
best suited I O  obseivation planes in the air antl 
visu;al antl pliotographic nicasni cn~ctits  on t he 
ground. Rain bcforc 01 during the test could tlCiiii 

age clrctrical circuits both lor fii ing thP gatlgct and 



Guard stations were set up-some in tents, some in 
trucks-to check the goings and comings of personnel 
throughout the test site. Movement was restricted; vari- 
ous areas required different badge designations. 

operating the instruments. Only six months before 
the test, according to General Groves, Joseph 
Hirschfelder, a Los Alamos physicist, had first 
brought u p  the possibility that fallout might be a 
real problem. For this reason it was considered es- 
sential that wind direction be such that the radio- 
active cloud would not pass over inhabited areas 
that might have to be evacuated, and there should 
be no rain immediately after the shot which would 
bring concentrated amounts of fallout down on a 
small area. 

Using reports from each group on the particular 
weather conditions or surveys they would find most 
useful and coordinating them with complete world- 
wide weather information, Hubbard ultimately pin- 
pointed July 18-19 or 20-21 as the ideal date with 
July 12-14 as second choice. July 16 was mentioned 
only as a possibility. 

However, on June 30 a review of all schedules was 
made at a Cowpuncher meeting for which all divi- 
sion leaders had submitted the earliest possible date 
their work could be ready. On the basis of these 
estimates, July 16 was established as the final date. 

From the beginning, estimates of the success of 
the gadget had been conservative. Although safety 
provisions were made for yields u p  to 20,000 tons, 
test plans were based on yields of 100 to 10,000 tons. 
By as late as July 10 the most probable yield was 
set at only 4,000 tons. 

Scientists not directly involved in the test estab- 
lished a pool on the yield and the trend was defi- 
nitely toward the lower numbers, except for Edward 
Teller’s choice of around 45,000 tons. Oppenheimer 
himself reputedly picked 200 tons and then bet 
$10 against Kistiakowsky’s salary that the gadget 
wouldn’t work at all. (I. I. Rabi, project consultant, 
won the pool with a guess of 18,000 tons, a num- 
ber he picked only because all the low numbers had 
been taken by the time he entered the contest.) 

It was not just the yield that was in doubt. Even 
as the scientists went about the last few weeks of 
preparations, the nagging uncertainty persisted 
about whether the bomb would work at all. This 
air of doubt is depicted in a gloomy parody said 
to have circulated around the Laboratory in 1945: 

“From this crude lab that spawned a dud 
The i r  necks to  Truman’s axe uncurled 
Lo, the embattled savants stood 
And  fired the flop heard round the world.” 
Then, as if things weren’t looking dismal enough, 

a meeting of Trinity people held just before the 
test heard Hans Bethe describe in depressing detail 
all that was known about the bomb, and all that 
wasn’t. Physicist Frederick Reines remembers the 
utter dejection he felt after hearing the report. “It 
seemed as though we didn’t know anything,” he 
said. 
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McDonald ranch, used for final assembly of the active material, still stands at Trinity. 

evacuation of the shelters on designated escape 
routes in case of emergency. Vehicles would be 
standing by ready to leave on a moments notice, 
manned by drivers familiar with the desert roads 
at night. Commanding the shelters would be R. R.  
Wilson and Dr. Henry Barnett at N 10,000, John 
Manley and Dr. Jim Nolan at W 10,000 and Frank 
Oppenheimer and Dr. Louis Hemplemann at S 
10,000. 

A contingent of 160 enlisted men under the com- 
mand of Major T. 0. Palmer were to be stationed 
north of the test area with enough vehicles to 
evacuate ranches and towns if it became necessary 
and at least 20 men with Military Intelligence were 
located in neighboring towns and cities up to 100 
miles away serving a dual purpose by carrying re- 
cording barographs in order to get permanent rec- 
ords of the blast and earth shock at remote points 
for legal purposes. 

On July 5, just six days after enough plutonium 
had been released, Oppenheimer wired Project con- 
sultants Arthur H. Compton in Chicago and E. 0. 
Lawrence in Berkeley: 

“Anytime after the 15th would be a good time for 
our fishing trip. Because we are not certain of the 
weather we may be delayed several days. As we do 
not have enough sleeping bags to go around, we ask 
you please not to bring any one with you.” 

There wasn’t much sleeping being done any- 
where at Trinity those last frantic days. There were 
about 250 men from Los Alamos at the test site 
doing last minute technical work and many more 
were in Los Alamos contributing to the theoretical 
and experimental studies and in the construction 
of equipment. And all of them were working 
against time. 

“The Los Alamos staff was a dedicated group,” 
John Williams is quoted as saying some years later. 

“It was not uncommon to have a 24 hour work day 
at  the end.” 

On July 1 the final schedule was broadcast at 
Trinity and circulated around the camp two days 
later. Rehearsals would be held July 11,  12, 1 3  and 
14. Originally scheduled to be held in the aiternoon, 
the times were changed after the first dry run when 
daily afternoon thunderstorms began to interfere 
with the flight of the observation planes and to 
produce electrical interference and pick up on the 
lines. 

group leader for 
bomb assembly, had issued his countdown. Begin- 
ning on July 7 in Los Alamos the high explosive 
components were put through a number of tests to 
study methods of loading and the effects of trans- 
portation and a dry run on the assembly. On July 
10 the crew began the tedious round-the-clock pre- 
parations of the components for delivery to Trinity, 
using night shifts to get the job done. Thursday, 
July 12, assembly began at V site and by late that 
night they were ready to “seal up all holes in the 
case; wrap with scotch tape (time not available for 
strippable plastic), and start loading on truck.” 

At 1 a.m. on Friday, July 13,  the pre-assembled 
high explosive components started for Trinity in a 
truck convoyed by Army Intelligence cars in front 
and behind with George Kistiakowsky accompany- 
ing the precious cargo in the forward car. 

The two hemispheres of plutonium made the trip 
to Trinity from Los Alamos on July 11, accom- 
panied by a Lt. Richardson and several soldiers in 
a convoyed sedan and delivered to Bainbridge at 
the tower. A receipt for the plutonium was re- 
quested. 

‘‘I was very busy and we were fighting against 
time,” Bainbridge recalled recently. “I thought 
‘What kind of foolishness is this,’ and directed the 
men to the assembly site at McDonald ranch.” 

Meanwhile, Norris Bradbury, 
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Active matoriol for the Trinity device is moved from tho 
sedan that brought it to McDonald ranch. 

Initiators for tho tpdget are delivered to the McDonald 
ranch assembly rooin in a shock-proof case. 
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The  plutonium component, which had generated 
a considerable amount of its own heat during the 
trip from Los Alamos, had expanded. The  other 
section of the assembly had remained cold. The  
heat exchange resulting when the hot material was 
left in contact with the cold for only a minute or 
two soon had the two pieces slipping perfectly 
together. 

Early the next morning the tent was removed and 
the assembled gadget was raised to the top of the 
100-foot tower where it rested in a specially con- 
structed sheet steel house. But it was still without 
detonators. 

“Detonators were very fragile things in those 
days,” Bradbury explained. “We didn’t want to 
haul that gadget around with the detonators already 
in it. We might have dropped it.” 

So i t  was up to the detonator crew, headed by 
Kenneth Greisen, to climb the tower and make the 
final installations and inspections and to return 
every six hours to withdraw the manganese wire 
whose induced radioactivity was a measure of 
neutron background. The necessary cables were 
connected to a dummy unit which would permit 
tests to continue while the bomb was armed. 

Late that night the job was essentially complete. 
The gadget was left in the care of an armed guard 
and the scientists and technicians were left with 
only the final routine preparations and last-minute 
adjustments on their equipment. 

All planes at the Alamogordo base were grounded 
until further notice and arrangements had been 
made with the Civil Aeronautics Authority, the Air 

Corps and Navy to insure that the entire area would 
be barred to all aircraft during the last important 
hours. 

According to General Groves, it was quite upset- 
ting to the base, for it was there that R-29 crews 
received their final training before leaving for the 
Pacific and every unit commander wanted his crew 
to have as many hours in the air as possible. All 
they knew was that their training schedules were 
being upset for some unexplained reason. Many 
men, Groves continued, were already on the landing 
field when the explosion occurred and not long after 
several thousand men were preparing for take-offs. 

Meanwhile, the high-ranking observers began to 
assemble. On Sunday afternoon General Groves, 
who had been touring Manhattan District installa- 
tions on the West Coast in order to be nearby in 
case the test hour was advanced, arrived at Trinity 
with Vannevar Bush and James B. Conant, mem- 
bers of the MED’s policy committee. A busload 
of consultants from Project Y left Los Alamos 
for the desert and automobiles were dispatched to 
Santa Fe to pick up Charles A. Thomas, MED’s 
coordinator for chemical research, and to Albuquer- 
que for Ernest 0. Lawrence, Sir James Chadwick 
and William L. Laurence of the New York Times, 
the one newsman assigned by the Manhattan Dis- 
trict to document the development of the bomb. 

At the test site, after months of hectic activity, 
things became more relaxed as the final items on 
Bradbury’s hot run countdown indicate: 

Sunday, 15 July, all day: Look for rabbit’s feet and 
four-leafed clovers. Should we have the chaplain 





Then from Kirtland Air Force Base came word 
from Captain Parsons. Weather was bad at Albu- 
querque and the base commander did not want 
the plane to take off. But the decision was already 
made. 

Later the planes did take off but because of over- 
cast only fleeting glimpses of the ground could be 
seen and Parsons was barely able to keep the plane 
oriented. Unable to drop their gauges with any 
degree of accuracy the airborne group became 
merely observers. 

Just after 5 Bainbridge used his special key to un- 
lock the lock that protected the switches from 
tampering while the arming party was at the tower. 
At 5:lO a.m. Sam Allison began the countdown. 

All through the night the spectators had been 
gathering to await the most spectacular dawn the 
world had ever seen. 

They waited on high ground outside the control 
bunker. They waited at the observation posts at 
West and North 10,000. They waited in arroyos and 
in surrounding hills. A group of guards waited in 
slit trenches in Mockingbird Gap between Oscuro 
and Little Burro Peaks. 

All had been instructed to lie face down on the 
ground with their feet toward the blast, to close 
their eyes and cover them as the countdown ap- 
proached zero. As soon as they became aware of the 
flash they could turn over and watch through the 
darkened glass that had been supplied. 

On Compagna Hill, 20 miles northwest of Ground 
Zero, a large contingent of scientists waited along 
with Laurence of the Times. They shivered in the 
cold and listened to instructions read by flashlight 
by David DOW, in charge of that observation post. 
They ate a picnic breakfast. Edward Teller warned 
about sunburn and somebody passed around some 
sunburn lotion in the pitch darkness. 

Fred Reines, a former Los Alamos physicist, 
waited with Greisen and I. I. Rabi, a project con- 
sultant, and heard the “Voice of America” burst 
forth on the short wave radio with “Star Spangled 
Banner” as if anticipating a momentous event. 

A1 and Elizabeth Graves, a husband and wife 
scientific team, waited in a dingy Carrizozo motel 
with their recording instruments. Others, mostly 
military men, waited at spots as lar away as 200 
miles, their instruments ready to record the 
phenomena. 

In  San Antonio, Restaurant Proprietor Jose 
Miera was awakened by the soldiers stationed at 
his place with seismographs. “If you come out in 
front of your store now,-you’ll see something the 
world has never seen before,” they told him. 

Just south of San Antonio, a group ol hardy 
Los Alamos souls, who had climbed into the saddle 
of Chupadero Peak the day before, waited drowsily 
in their sleeping bags. 

Ready for the countdown, the first atomic device waits 
in its steel shelter at the top of the tower. Opposite 
page: The formation of the fireball during the first 
four seconds after detonation. 
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Damage to the instrument shelter at North 1000 is 
shown in the two top photos. At the bottom, Jumbo 
stands unscathed, its tower crumpled around it. 

and crushing, ominous, devastating, full of great 
promise and great foreboding.” 

Another time he said, “On that moment hung 
eternity. Time stood still. Space contracted to a 
pinpoint. I t  was as though the earth had opened 
and the skies split. One felt as though he had been 
privileged to witness the Birth of the World-to be 
present at the moment of Creation when the Lord 
said: Let there be light.” 

Oppenheimer, on the other hand, has said he was 
reminded of the ancient Hindu quotation: 

“I am become Death, the destroyer of worlds.” 
At the time, however, probably few actually 

thought of the consequences of their work, beyond 
ending the war. Bradbury said recently, “For that 
first 15 seconds the sight was so incredible that the 
spectators could only gape at it in dumb amaze- 
ment. I don’t believe at that moment anyone said 
to himself, ‘What have we done to civilization?’ 
Feelings of conscience may have come later.” 

Bainbridge reports that his reactions were mixed. 
“When the bomb first went off I had the same feel- 
ings that anyone else would have who had worked 
for months to prepare this test, a feeling of exhilara- 
tion that the thing had actually worked. This was 
followed by another quick reaction, a sort of feel- 
ing of relief that I would not have to go to the 
bomb and find out why the thing didn’t work.” 

But later he told Oppenheimer, “Now we’re all 
sons of bitches.” 

Ernest 0. Lawrence is quoted as saying that from 
his vantage point on Compagna Hill, “the grand, 
indeed almost cataclysmic proportion of the ex- 
plosion produced a kind of solemnity in everyone’s 
behavior immediately afterwards. There was a re- 
strained applause, but more a hushed murmuring 
bordering on reverence as the event was commented 
upon.” 

At the control point, Farrell wrote, “The ten- 
sion in the room let up and all started congratula- 
ting each other. All the pent-up emotions were re- 
leased in those few minutes and all seemed to sense 
immediately that the explosion had far exceeded 
the most optimistic expectations and wildest hopes 
of the scientists.” 

Kistiakowsky, who had bet a month’s salary 
against $10 that the gadget would work, put his 
arms around the director’s shoulder and said, 
“Oppie, you owe me $10.’’ 

Elsewhere the momentous event had not gone 
unnoticed. The  flash of light was seen in Albuquer- 
que, Santa Fe, Silver City, Gallup and El Paso. 
Windows rattled in Silver City and Gallup. So in- 
tense was the light that a blind girl riding in an 
automobile near Albuquerque asked, “What was 
that?” 
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Crater tmd hcat effects !;car the desert. ut Ground Zero. 

h iaiiclicr bc~twcen hlamogortlo a i d  tlic tcst sit(> 
wa~, ;twiikcnccl sutlclrnly. “I tlioiiglit ‘1 1)l.tiic~ had 
cr~:,Iic(l in tl ir  ya rd .  It  wiis like soni( botly turiItd 
on ;I light bulb tight ill rriy late.” 

Another inari, 80 miles away in ( h i  I i/wo, recalls, 
“It siirc rorlicd the grouiitl. You’d have  tliouglit it 
went ofl riglii in  yoiir back yard.” 

A slccplcss p a t i c n ~  in thc 1 ,o‘, P,lnnios hospital re 
ported seeing a strangr lighl. f’hc w l k ,  wiiiting or) 
Sawyer'\ 1 [ill 1)c~hiiitl Los Alainos, saw i t  too, a l ~ c l  
wi otc later : 

“7 hen it c<iiiic. ’I lie blinding light likx tio o t l i t ~ i  
light onc hat1 ever sccii. ‘I kif, tiecs, illrrrriiiiatcil, 
le,tping out. U’lir. rriountiiiris flashing iiilo lilc. I,a~cu, 
tlic long slow rumble. Something had Iiappmcd, :ilW 
riglit, for good or ill,” 

At thc test sitf,, as tlic sprctators wakliccl the Iiiige 
cloird billow irit o tlie sky, tlic indical oflic crs took 
over lcatlcrsliip of thc thxee olxrvat inn points, 
walthing tlicir counters arid maintnining contact 
with Paul Ai+crsold’s crcw ol nionitors piltrolliiig 
thc roads wi~liin tlic test sit(,. An Riitiy l’ctmissicirr 
Croup, consisting 01 lktinbi itlgc, Ut. LIcniplcmaniri 
and Ac1)crsaltl Itcpt track oI the reports : ~ l d  matlc 
clec isioiis on inovcrnent 01 ~)crsonneI ;tronnd tlir 
sit(.. 

At Iirst thvrc w i i ~  no 5igii of clan 
tlciily, the int3ti-tmcnts at N 10,000 bcgan clicking 
rapidly showing that radioactivity wit5 on tlic risc.. 
Dr. 1 Iciiiy Uaiiictt, in charge oi thc slicl~ci,  gave' 
the order to vvacuatc and so011 the trucks and car:, 
were roaiing pas t  W 10,000 a r i d  on to I h s c  Cainp, 
I t later provctl to br a lalsc, alarm. Film badges woi n 

by t h e  pcrsonncl a t  tlic observation point indicated 
that no radioactivity liittl readied the shcltcr. 

IlrIorc long those williout lurtlicr duties were 
permit tctl to ret urn to I h s c  Cainp and tliosc with 
iiisti nnicnts in tlic korwartl arcas moved in to pick 
them up. 

A\ the mil came up, i r  currents wcre created 
wliirh swept 1 atlioac tivity trapped in tlic inversion 
layer into thc vallcy. Geiger tounlcrs at S 10,000 
began 10 go wild. ‘l’he fcw men remaining thcrc 
pu t  on maslts arid wnttlicd anxiously a s  tlic radio- 
active air qiiickly moved away bclorc tlic danger 
Icvcl was icacliccl. Around 9:80 am.  lhinbridgc 
radioctl the iricii iii tlic slit trcncli a t  Mockingbird 
(Gap to icturri to 1Lisc ~ a n i p !  

Sliort ly after ward a lead-lined tank, driven by 
Sgt. Eill Siiii th and carrying licrbcrl Anderson and 
b.nrico Fci mi, niovctl in lo Ground Zero to recover 
cquipnicnt a r i d  to 5 t ~ d y  debris in liopc 01 getting 
iriformation ori long range detection of atomic 
cxplosions. l h c  tank w;is cqirippcd with a trap 
door through which earth samples could bc salcly 
1)ickcd up in thc cratcr. 

Iicrn~i latcr rcport cd to hi? wilc that he Iound 
“ a  clcprcssctl area 400 yards in radius gla/cd with 
green, glass-like substance wlicrc the sand had 
mcltcd and solidificcl again.” 

Mcanwhilc, General Groves, who liad planned 
to wait at Uasc Camp until a11 tlangcr 01 lallout 
was pitswd, hoped to niakc good LIK 01 the hours 
by cliscussing witli Los Marno5 people i i  numbcr or 
~~rol1lc1iis connccted with the next job on the 
agenda, the bombing of Japan. 
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“These plans were utterly impracticable,” he 
wrote later, “for no one who had witnessed the test 
was in a frame of mind to discuss anything. The  
success was simply too great. It was not only that 
we had achieved success with the bomb; but that 
everyone-scientists, military officers and engineers- 
realized we had been personal participants and eye- 
witnesses to a major milestone in the world’s 
history.” 

But Groves had other problems to keep him 
busy anyway. 

The  explosion had generated considerable excite- 
ment around the state and as far away as El Paso. 
At Associated Press in Albuquerque, the queries 
coming in were becoming more difficult to handle. 
Intelligence Officer Lt. Phil Belcher, now the 
Laboratory’s Documents Division leader, was sta- 
tioned at Albuquerque to keep any alarming dis- 
patches about the explosion from going out. About 
11 a.m. the AP man told Belcher he could no longer 
hold back the story. If nothing is put out now by 
the Army, he told him, AP’s own stories would have 
to gs on the wire. 

The Army was prepared for this kind of deter- 
mination. Weeks before a special press release had 
been prepared and sent to the Alamogordo Bombing 
Range with Lt. W. A. Parish from Groves’ office. 
With it, Parish also carried a letter to the command- 
ing officer, Col. William Eareckson, instructing him 
to follow Lt. Parish’s instructions, no questions 
asked. 

About 11 Parish was instructed to make his 
release: 

Alamogordo, July 16-The Commanding Officer 
of the Alamogordo Army Air Base made the fol- 
lowing statement today: 

“Several inquiries have been received concern- 
ing a heavy explosion which occurred on the 
Alamogordo Air Base reservation this morning. 

“A remotely located ammunition magazine con- 
taining a considerable amount of high explosives 
and pyrotechnics exploded. 

“There was no  loss of life or injury to anyone, 
and the property damage outside of the explosives 
magazine itself was negligible. 

“Weather conditions affecting the content of gas 
shells exploded by the blast may make it desirable 
for the Army to evacuate temporarily a few civilians 
from their homes.” 

The  news ran in New Mexico papers and spread 
up and down the West Coast by radio. I t  didn’t 
fool everyone. Some days later, Groves reports, he 
was dismayed when a scientist from the Hanford 
project said to him: “By the way, General, every- 
body at DuPont sends their congratulations.” 

“What for?” the general asked innocently. 
“This is the first time we’ve ever heard of the 

This special lead-lined tank was used by Enrico Fermi 
and Herbert Anderson for obtaining soil samples from 
the crater shortly after the test. 

Recovery team and radiation monitors assemble for 
action a few hours after the test. 
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Army’s storill!; high cxplosivcs, pyi o t c c h l c  s and 
c1icinir;ils in OlJC  ~ ~ ~ i r g ~ i ~ i c , ”  lie ieplicd. 

Cdoncl Lzirctk son h a s  sinr (> 1xc.n iioiniii;~tcd by  
symj)athetic lirsto~iaris <is oric o t  tlie unsnng lieroc<, 

tlic I)lamr for t h i s  gross mislianclling of ex plosivcs, 
1)ut hc Iiad t o  takc hi, ordcis tliat clay lroni ;I riicy(4 
licut cnant. 

J3y latc aftci 110011 it was rlcar flicrc would bc no 
difficulty with lallout. h i n h  itlgc iiimlly Icft the 
tontrol ccnici i t h u t  3 p.111. eo icturii to the Raw 
Camp for loot1 xttl rcst. I h ~ r ; ~ l  Chovcs, Conant 
arid Uiisli lcfi for Albuquciquc io bef;in the t i i j i  
Iin& io Washingion. 

Grovcc’ sccrctary, Mrs. Nota O’lxai y, wlio had 
bccri slarrdiiig by in Washirigton !,inre t>,irly moi ri 
ing lor word ol the tcst, icceivcd ;I rodcd rncssagc 
lroiri hei boss arttl at  7:30 p r n .  s r n t  111c iollowiiq: 
rncssagc to Sccrctaiy oI Wai Stimson at Votsrtarn: 

“OlJerratccl on tiii:, morning. Diagnosis i io t  ye1 

cxccccl oxpcctations. I,ocal press relcasc rit~cesw y 
its intcrcst ex tcrids a grcat distance. Ibr. G~ovc~,  
plcascd. I k  retiirns toinoriow. l will k.ct.p you 

ALthough i t  would bc weeks bcrorc tlic ineasui r- 
irient coirlcl 11e correlated and interpreted it was 
iinlricdiatcly aplxn-ci~t that t tic iin])losion wcap i i  
was a technic 11 sut c e s ~  ‘I’hc fire 1 ~ ~ 1 1 ~  Vcrrni’s 
tulatioris with bits of paper and ot1ic.r dat;i itv 
;iblc irrunediatcly iriclicatccl tlir yicltl had I)ccri 
grcatcr than t h c x  most optirnidc picclicl ions. It was 
tliereforc possible lor Grove5 tci follow lip his first 
mes:,agc to Poi sdnni with another ol)tixnisi i r  one thc 
iicxt clay: 

“l)octnr ha(, lust returned i m x t  oniltu~,iastit arid 
confident tliai tlic little boy is a s  hii&y as his big 
brothcr. ‘l’hc light in his eyes disct~rniblc horn 
licic to Highhold aiitl I roultl hear h i s  sLrciiais from 
l i i w  t o  rriy i arm.” 

‘ 1 ’ 1 ~  rncssagc wits c h r .  ‘ I  ’lic powcr to crush J a p n  
h;id taken on a ncw climcnsion. ‘The clcvicc hat1 
worked I)c-yond c~xprctatioiis, itc ilash m w  lor 2!iO 
inilcs, i t 5  thnntlcr hcwd lo1 50, ;in(l Grovrs was biirC’ 

tlic plutoniurrt born11 wa5 its potcmt iis thc uranium 
gim. 

L hrough tbtl day oi .July 16, L i ts  01 weary, cxcitctl 
nicn licildctl back lowa~d I,OF Alamoc ‘I’licrc wii’r 
still ;L grcat dcal oi work to bc tloi~c ;rnd lor thost’ 
who wcrc going overseas, the tcst had $imply bccii 
it rclicarsal. 

A rirw Pat Man was scIietlulocl to bc drliverccl 
h g ~ i s t  6. 

Wlim they s~oppccl lor mmls  in Bclcii thc nwii 
i a1 kcd or jric,ii!cc~uciitial ih  irigs and listcncrl to 
inysiificcl c i t imis  disiussing ttic 4tr angc sort oi 
thunder they li,itl hcaid that morning arid thc way 
“the sun came up aiitl went right back clown ag:ii~~.” 

World Wai K1. N o t  only tic f o i d  LO t~tkc 

corriplctc but  1 ~ ~ u l t 5  SCCITI ~:it ist ; i~to~y itr l t l  ;tlrc:itly 

po5rcd.” 

r .  

Recovery man rescues film from the crater area. 

O~cupaiits  oi on(’ L‘U (lid not rccogniic the orru- 
paiit‘, ol the othci. Scturity was 21s tight as cvcr. 1t 
was, not until they ~cachctl  the guardccl gates of 
Los Alanios tli‘it the flood 0 1  icilk burst loose. 

Mrs. Fcrrni rctalls the iiicn returning latc that 
cvcning. “‘Thcy lookcd (Xi icrl out, shrankcn. ‘l’hcy 
hilt1 b;ikcd in the roasting heat ol the soutlicrn 
ck!scit and lhcy were d c ; d  tircd. Eiiiico was so 
slccy~y lic wcnt right to I)cd wiihout :I word. On  
tlic lollowing morning a l l  lie Iiatl to say to the 
laniily was that for the h s t  iiinc in h is  lilc on corn- 
ing h c k  froiri I’rinity lie Iiatl felt i t  wits not salc 
loi him to drive.” 

“I licard no ir1oie about ‘liinity. The  men rc- 
5uinctl tlicir woik at  the iisiial last pitcc,” slic ton- 
cludcrl. 

Ilu t during the day, rumors ol 1 1 1 ~  brilliant light 
so many had watchctl for and srcn slwcad thi orrgh 
thc town. Altliougli Icw pcoplc lcncw oficially what 
l i d  li;tppciirtl, most wcrc able io 5cnsc 01 gucss thai 
the 1)roject to which each h;td contributed his pm-1 
during the long hct tic. months had been accom- 
p1isht.d 

Whcri hc rctuiiicd to the Hill that night, Fred 
licincG, Jound the town juiiiping. Onr ol the 
jmitor5 Rcincs kncw spotted the rctnrning scicntist, 
giinricd l~ioudly and said, “ W e  did it, didn’t we?” 

“We sure did,” Rcincs told Iiini. 
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Kenneth Bainbridge 
Test Director 

John Williams 
Deputy Test Director 

These men dirccted the atomic bornb project at Los Alamos. 
Most wcre division leaders, some played other key roles. None of 
them were alone. ‘There were dozens more brilliant young scicntists 
who made significant contributions. Therc  were countless techni- 
cians, administrative people, soldiers and WACS without whom the 
work could not have been done. Not the least were the wives to 
whom, J o h n  Williams once said, should go much of the credit. 
‘‘Thcj lived in unccrtainty and sometimes fear during those trying 
years. ‘Tliey never knew what their husbands were doing and they 
never asked.” 

Enrico Fermi 
Theory 

Hans Bethe 
Theory 

George Kistiakowsky 
Explosives 

Robert Bacher 
Weapons Physics 
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Maj. Gen. I.oslie R. Grover 
Durector 

Mnnhwttan Engineer District 

Victor Weisrkopf 
Theory 

Rober~ Wil so  t i  
r’hysics lierearch 

J. Robert Bppenkcimer 
Director 

Cyril SmHh 
Metal I urgy 

Eric Jeite 
Plutonium Metallurgy 

William Parsons 
Ordnance 
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Above: Fat Man, the implosion-type plutonium weapon, the kind detonated 
over Nagasaki. Bomb is 60 inches in diameter and 128 inches long, weighed 
10,000 pounds. Below: Little Boy, gun-type uranium weapon, the kind detonated 
over Hiroshima. It weighed 9,000 pounds, measured 28 inches in diameter. 
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by JOHN SAVAGE 

Germany, grcw interested in identilying Fermi’s 
nrw “traiisui aniurn” elcmcnts. Ry Tanuary, 1999, 
tlicsc cxpcrinierits had shown that Fermi was mis- 
talrcri about at least two of his products. ‘Tlicsc 
two w m  positively identified as barium and 
laii  tliaiiurn-clemcnlc, not heavier thari uranium, 
brit o n l y  about half as heavy. 

Whcrc Iiatl thc barium a d  lanthanuni iiriclei 
coinc Iioin? By thc mitldlc o f  lanuary, tlic correct 
iiiiswci had bccn pi olmccl mid widely iic( cptcd: 
bomr ol the ui  aniuni nu( Ici had I cactctl 10 tlic 
al)sorprrtin ol i1c111ro115 by splitting into two miallcr 
~ x i i  IS. 1t  was I iu  tIi(a1 ptoposcd, arid soon proved, 
t h a t  thrsc two “lissioti lrdgincrit5” Llcw apart Crom 
each otlici wit11 girat qmxl, q u i r e d  brt ause 01 the 
I clcasc 01 niic 1c;ti ciicrgy. 

One kind ol nuclear package, then, corrltl be 
opwd by iiicai~s of neul roil boinhartlmcnt. ’I’liis 
fi tct  1litd gic;tt sciciitiftc iinportancr, biit it Wit5 not 
cnough, by itsrll, to show clic way to nudcai- energy 
rclcascx 011 a pr‘ictical walc. What rcmaincd to I)c 
tliscovrrcd w.1~ ‘1 way 01 opening the package4 by  
tlic I)illions, without poiti irig billions of ricutroiis 
in. 

Jlclorc tlic end ol tha t  siimc J:tii~i;iiy ( a  big 
irtoiitli) tlic w‘ty was loiitid a t  I c , t s ~  in tlicory. It wits 
GI 51 su!;gcstctl i i n d  then rlciiionstratcd tliat wlicn 

ui ,miurn i i ~ i c k ~ i ~  undcrwcnt fission (splitting in 
two), i t  rPlvnJed not  only rnergy but neutrons. ‘1 liis 
was clcaily oi the ntmost iniportancc. 11 ncutrons 
froin fissioii c oultl cause othcr tissionr, tlic pro1)lcrri 
woultl bc solved. T h e  pa( kagcs could open one 
mother, SO to speak, autoiiiatically. 

I h,it was the priixiple. I t  would bc a Lliain re 
it( tiori, with oiic tis,ioii (ausiiig o t l i c ~ s  a r i d  tliosc~ 
~ a u s i n g  still oilier$. 

I t  i 5  not recotdctl t l i a t  iiny1)otly snid i t  woiiltl b o  
ca\y to make tlit, ~iriiiciplc work. ‘ I I c  potential 
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benefits, however, appeared to be worth a consider- 
able effort. One neutron, carrying a very small 
amount of energy, could release several billion 
times that much energy from a uranium nucleus. 
The complete fission of one gram of uranium (a 
piece no bigger than a radish seed) would yield as 
much energy as the burning of three tons of coal 
or nearly 700 gallons of fuel oil. 

A great world war was about to begin. The 
potentialities of nuclear energy for the peaceful 
benefit of mankind were immediately overshadowed 
by its potentialities for use in weapons. 

The sudden release of a great deal of energy in a 
small volume produces an explosion. The  sudden 
fission of the nuclei in a few pounds of uranium 
would, it was seen, produce the largest man-made 
explosion in history. 

It was obvious to American scientists, and to 
foreign scientists in the United States, that infor- 
mation about fission might have military value. 
For that reason, under a voluntary agreement, these 
men refrained from publishing any new informa- 
tion on that subject, from the spring of 1940 until 
almost the end of the war. News of the discovery of 
nuclear fission itself could not be suppressed, since 
it had been made public in 1939, but the scientists 
reasoned (correctly) that a vast quantity of addi- 
tional knowledge would have to be acquired be- 
Core a nuclear weapon could be designed. 

A lump of uranium is not a bomb. It is about 
as much like a bomb as a bucket of low-grade iron 
ore is like a fine watch. The wartime nuclear wea- 
pon program faced huge problems-problems of 
materials and problems of design. 

In  1934, when Enrico Fermi bombarded uranium 
with neutrons, only a very small fraction of the 
uranium nuclei underwent fission. One reason for 
this was that his uranium sample, like all of the 
uranium in the world at that time, was composed 
almost entirely of the wrong kind of uranium. 

Pure uranium is a dark gray metal, obtained 
from various ores on several continents. I t s  “atomic 
number” is 92, which means that every uranium 
nucleus, by definition, contains 92 protons (posi- 
tively charged component particles). Along with 
this fixed number of protons, however, each 
uranium nucleus contains an even larger number of 
the uncharged particles called neutrons, and this 
number is not fixed. Uranium as it occurs in nature 
is a mixture of three kinds of uranium (92-proton) 
atoms, differing in the number of neutrons each 
kind contains. 

The  most abundant of these kinds, or isotopes, 
has a “mass number” (total number of protons and 
neutrons) of 238. Uranium 238 makes up more than 
99 per cent of the naturally occurring mixture. The 
rest of the mixture consists of U-235 (0.72 per cent) 
and a negligible percentage of U-234. For practical 

purposes, then, natural uranium consists of U-238 
and U-235, in proportions of about 140 to 1. 

These numbers are important lor a special reason, 
vital to the nuclear weapon program: Though 
U-238 and U-235 are practically identical in their 
chemical behavior (and are therefore extremely 
difficult to separate), they are quite different in 
their nuclear behavior. U-238, the abundant isotope, 
is unsuitable for use as the fissionable material in a 
bomb. Only very fast neutrons can cause it to fission, 
and it has a tendency to decelerate neutrons and 
then capture them without fissioning. U-235 is fis- 
sionable by neutrons of all speeds. 

By 1940 this difference was understood, and it 
was known that natural uranium, with its great 
preponderance of U-238, would not serve as a 
bomb core. An attempt would have to be made to 
prepare a special kind of uranium, unnaturally en- 
riched in the rarer isotope, 235. The  attempt would 
be costly, and its ultimate success was not at all 
certain. 

Meanwhile, on almost purely theoretical grounds, 
an entirely different kind of fissionable material 
was suggested. I t  was a material without a name- 
an element no one had ever seen. This element 
would later be called plutonium. 

As early as 1939, it had been predicted that when 
a U-238 nucleus captured and absorbed a neutron, 
the resulting U-239 would quickly convert itself 
(by the emission of two electrons) into an element 
of atomic number 94. It had been predicted lurther 
that element 94 (at mass 239) would turn out to 
be readily fissionable. 

Therefore, two possibilities existed for the bomb 
core. One possibility was enriched uranium (uran- 
ium in which the natural proportions of the isotopes 
had somehow been altered in favor of U-235). The 
other possibility was element 94 (plutonium), of 
which the required quantities could be made only 
by means of some device producing a fantastically 
copious supply of neutrons for bombarding U-238 
nuclei. No such device existed. 

So much for the problem of materials, as that 
problem looked in 1940. The  problem of bomb de- 
sign was destined to receive little concentrated at- 
tention until 1943, but everyone knew that it held 
mysteries of its own. 

T h e  design would have to be such that the bomb 
would be capable of exploding, and capable of 
exploding only at the proper time. Both “capable 
of exploding” and “only at the proper time” repre- 
sented essential requirements, rich in potential 
difficulties. 

A nuclear fission explosion, whether in pluton- 
ium or in uranium, requires the disruption of a 
huge number of nuclei. The process is initiated, 
however, by a relatively small number of free neu- 
trons (neutrons not bound in any nucleus). One free 

36 



I I ~ I I I  ron invciclrs it nu( leiis ;tritL (auscls firsion, pro 
during high-cnei gy Iragmcnts aittl two 01 thrcc 
newly-lrcc neutrons, wliitli ( m y  on the c h a i n  
rcitction. I n  a very sinall  f ra~t ion  01 ii sccoiitl, tlic 
multiplication ol lrcc iicutron\ i c~sul t5 ir i  1’1 ;I( tically 
iiilrtantaricoiis hssion or it laige pcrcciitage ol  the 
rirrc1r.i prescn t. 

15ut how clam otic arratigc I o i  such ; i n  cxplosioii? 
I t  isn’t easy. l’or one thing, c ~ (  h ol ilic ,itoms ol 

fssion;tblc inaiei ial tonsi5ts like a rriiniat~irc s o l i n  
systcrri-mostly o i  empty t C ( ’ .  ‘ I  hc1c I s  no a t t r a ( -  
iivc Iorcc I~ctwc~cn ~ l i c  fr twutron m t l  (lie titrgvt 
nuclws until thr two arc piactically in coiitdct. ’Thr 
1 ast-lnoving neii tr on [lies throiigli tlic Lirgc spaces 
bctwccm nuclei, missing a gieat inany iiuc k i  1)clort. 
it 11;ip~1~115 to hit one, il i t  cvcr  doc^ 11 its pat11 
rc:idict, the Tiirlacc. 01 thc Iissional)lc mass, tlicl 
neutron simply csc~rpcs, witlionl liavinc toirchcd ;I 

nuclrus. 
‘rhere i s  no way o r  predicting whctIi(~1 or not 

a i l  iiidividual rwiitron will collitic wit11 ,I n i ~ l r u s  
and ~ a u s e  fission. -1 Iic cliaii~es tan lw t‘rlc ulatcd 
only sf atistically, likr the c liantc:, oJ aiitoiriobile 
c ollisions on ii holiday wcsck-cod. 

WTow Gin thc chances bc iniprovcd? Ont1 way is 
by increasing tlic iliinmsions of t h e  fist,icrriahlc niiwr, 
50 that most 01 tlre nculrons I iaw to trnvcl (artlic,i 
to g c l  out. Aunther i \  by putting a suitablv rcnct to1 
woriritl tlic inass, so tliat cs( aping ncutroris will 
bnuncc b x k  In. Another is by 
liv,ionablc mass, I O  dccrcasc thc 
ririclri. Still another (hccauw iinpuiiti(~s tan captirrc 
ntwtrons and h k c  thorn out ol ciiculiition) is b y  io 
crcasiiig the purity oi the fissionabl(~ ~ m t r r i ~ i l .  

M u c h  work iiccdcd to be done on all four ol tlic 
ways just mriitioricd, il therc w‘is c v r ~  to lie an 

’The 60-inch cycilorron rrt the Uiiiversity of California’s 
Lawrence Kadiation l.aboratory in Berkeley was used 

atomic h r n h  c~lJXibk 01 c~xp~odiiig. Malting i 1 cx- 
plodc ‘tt t l ~  iiglil tiiiic. wa\ ail :idditionill t1i;illcngc. 

As implied in xi earlier I)aragr<ipli, il tlw fission- 
itblc 17iii$s i \  too small, too niciny nciitrons will 
cscapc. without ( ‘illsing fission. 1 lie minimurri  
cluaiil ity ol lucl that will supl1ort a clixin rciic tion 
is callcd a critical mass. ‘Il i is  quantity varics wit11 
(;iiiiorig oilier things) thc 4iapc and p ~ r i  ity ol thr 
lucl, brit i t  is oidiniirily scvci ;tI liilogr,inis. ( A  ltilo- 
grain is 2.2 1miintlS.) 

’l’lic twin p ro lhmi  ol initiating the explosion 
it1 tlw right time ;rnd 111 cvcliting initiation bcforc 
tliat time ~ v o i i l d  have  been s i i n p l i f i c d  i f  it hiid I)ccii 

nil>lc it critical m m ,  5 1 0 1 0  it until a n  
cxplosioii was dcsircd, and then in jcct it neutron 
into i t .  Unlortunatcly, st1 ay neutrons arc cvciy- 
wlrcrc arorintl 11s. ‘1 hey wa~itlri tlirough evcryt hing, 
inc lutling the coi e5 or fission bo1nl1s-wlicre othcr 
iicu t1 onc arc ciccasionally ‘jet lrcc hy spontancou5 
~ ~ S ~ O I I S ,  lxxidcs. ‘l’lius, in any critical mass 01 fission- 
ahlr inntcrial, a cliain react ion cannot be prcvcwictl 
or drlciycd; it will occur alinost instantly. 

For that iciiwii, no iiuclcar Iission weapon can 
bc fully ;isscnil~lcd in ;I 1abor;itory or arscndl. I<iniil 
auciiibly m u s t  o(cui only :it the target, a\  a p r t  ol 

I)cvclopiiig ii 1~01iib whic 11 would incorporatc 
ii~cc hii11i~~m~ lor its own linal itssclTil)ly w a s  destined 
io bc on(’ oJ tlic tliornicst pioblcnir ol“ the nuclear 
wca~’0” pm1”L’. 

Pic  paring tlic niatcrials would bc dificul L. Dc- 
signing tlic bomb would bc clifli~ul I. Arid witlioul 
a vast icscarcli cfloi t, aimed a t  learning inorc about 
thc tlimiirtiy ant1 physics 01 uianiurn and pluto- 
nium, both t,icks would be iiiipossiiblc. 

the cXeton‘ltlol1 1’1 occtlmc. 

in the discovery of plutoniuni and six other elements. 
1939 photo shows the east side of the machine. 



preparing the materials 
Of the three atomic bombs detonated in 1945- 

one at the Trinity test and two over Japanese cities 
-one (the Hiroshima bomb) had a uranium core. 
The  Trinity and Nagasaki devices had plutonium 
cores. Preparation of these two fissionable materials 
had been accomplished against almost overwhelm- 
ing odds. 

I n  the case of uranium, the difficulty arose from 
the fact that uranium 238 and uranium 235 are 
almost identical substances. Each of the two kinds 
of atoms has 92 nuclear protons and 92 orbital 
electrons. Since the chemical behavior of any 
atom is almost entirely governed by its orbital 
electrons, the two kinds of uranium could not be 
separated by chemical processes. Some other pro- 
cess-a purely physical one-was required. 

U-235 has 143 neutrons in each nucleus. U-238 
has 146. Somehow, those three extra neutrons had 
to be used to make the U-238 atoms go one way 
and the U-235 atoms go another. A great many 
methods were suggested. Half a dozen or so, includ- 
ing a centrifuge process like the one used to separate 
cream from milk, were given extensive trials. Almost 
every idea worked, but no idea worked very well. 
The difference between the two isotopes was too 
small. 

Furthermore, all of the separation methods tried 
were expensive. If the isotope separation program 
had been an industrial enterprise, aimed at mak- 
ing a profit, the only sensible course would have 
been to close up shop. 

But there was a war on. Nobody knew how much 
effort, if any, Germany might be devoting to nuc- 
lear weapon development (actually it was very 
little), but one thing was almost certain: If the 
Germans were first to develop a nuclear weapon, 
Hitler would win the war. This was no time to 
pinch pennies. 

America’s decision, based partly on extremely 
good work by scientists in Britain, was to con- 
tinue at any cost. Investigation of many ways of 
separating isotopes would go on, and a really vast 
effort would be made on the two most promising 
processes. One of these was gaseous diffusion sep- 
aration and the other was electromagnetic sep- 
aration. 

Both processes are based on the difference in 
weight (more properly, in mass) between the two 
kinds of uranium nuclei. 

The  molecules in a gas are in constant motion. 
The  warmer the gas, the faster its molecules move; 
but some move faster than others. On the average, 
heavier molecules are more sluggish than light 
ones. They move more slowly. Therefore, when a 

gas diffuses through a porous barrier, the lighter 
molecules get through a little more often (at first) 
than the heavier ones. 

Perhaps unfortunately, uranium is not a gas. For 
the gaseous diffusion process, the uranium has to be 
combined with fluorine to produce an easily-vapor- 
ized compound called uranium hexafluoride. 
Uranium hexafluoride gas is extremely corrosive, 
tending to attack pumps, piping, barriers, and 
almost anything else it happens to touch. 

But the gaseous diffusion method works. Passage 
through each barrier in a multi-stage separation 
plant increases (very slightly) the concentration of 
U-235 in some of the gas. By using thousands of 
stages, thousands of miles of piping, and hundreds 
of acres of barriers, it  is possible to produce very 
highly enriched uranium hexafluoride. Uranium 
metal made from the enriched gas has a very low 
concentration of U-238. 

A large part of the wartime project consisted of 
planning and building a separation plant to employ 
the principle just described. The  plant was built 
in Oak Ridge, Tennessee, in the years from 1943 to 
1945. 

The electromagnetic separation process is quite 
different, but it also exploits the very slight mass 
differences created by the presence of those three 
extra neutrons in each U-238 nucleus. 

Everything possessing mass has inertia. The  more 
mass, the more inertia. It is perhaps usual to think 
of inertia as a reluctance to move, but inertia is a 
broader phenomenon than that. It is less a resist- 
ance to movement than a kind of resistance to 
change. If an object is stationary, inertia makes i t  
reluctant to move; if it is moving, inertia makes it 
reluctant to stop or to change direction. 

Since inertia is proportional to mass, the U-238 
nucleus has a little more inertia than the U-235 
nucleus. If both are traveling at the same speed, 
the heavier nucleus will have a slightly stronger 
resistance to any change in direction. Therefore, a 
given force tending to change the direction of 
motion will have a slightly greater effect on the 
lighter nuclei than on the heavier. 

This principle is exploited in the electromagnetic 
separation of isotopes in the following way: First, 
the uranium atoms are “ionized,” usually by being 
deprived of one orbital electron each. This leaves 
the atoms positively charged, so that they can be 
accelerated electrically and acted on magnetically. 
When they have been accelerated-many millions of 
them at a time-they are formed into a beam, all 
traveling in the same direction. The  beam of ura- 
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Above: A section of the electroillaglietic process equip- 
ment, used for errrichirig uraniurn, in the Y-12 plant ut 
Oak Ridge. Uniis o f  tho electromagnetic system, culled 

"calutrons," arc? used today 10 produce stable isotopes 
for peuct?ful purposes. Below: A wartime view of the 
huge elcc tromagnetic processing plant. 
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One of eight plutonium-producing reactor facilities at Hanford works. This one 
operated for the first time with full loading on December 17, 1944. 

nium ions is then passed through a magnetic field 
which has been arranged in such a way as to bend 
their trajectories. Under the influence of the mag- 
netic field, the U-235 ions change direction more 
than the U-238 ions. The  beam becomes two beams, 
each of which can be caught in a separate receptacle. 

Though the development of the electromagnetic 
separation process encountered many difficulties, 
the method ultimately succeeded in producing im- 
portant quantities of U-235. Electromagnetic sep- 
arating machines called “calutrons,” developed by 
the University of California, were installed at Oak 
Ridge. They were used mainly to increase the en- 
richment of already-enriched products of the im- 
mense gaseous diffusion plant and of a smaller 
thermal diffusion plant, which used uranium hexa- 
fluoride in liquid form. 

By late 1944, highly enriched uranium com- 
pounds were being produced at Oak Ridge in kilo- 
gram quantities. 

Meanwhile, the program to produce the pre- 
viously unknown element of atomic number 94 had 
made great strides. 

Berkeley scientists produced minute quantities 
of plutonium in the winter of 1940-41, by bombard- 
ment of uranium with particles from an accelerator. 
The new element proved to be readily fissionable, as 
had been predicted. 

However, production in quantities of military 
significance could not be carried out with particle 

accelerators. What was needed was a really plentiful 
source of free neutrons. The only sufficient source 
would be a nuclear fission reactor. 

Fission reactors are devices in which a chain re- 
action is maintained under controlled conditions. 
No such device had been built when the Berkeley 
scientists produced their first plutonium. It would 
take two more years to achieve the first man-made 
fission chain reaction. 

The  leader in that achievement was the same 
Enrico Fermi who had first split the uranium 
nucleus. He had come to the United States and was 
working at the University of Chicago. 

Fermi and his associates sought to demonstrate 
the possibility of a fission chain reaction in natural 
uranium-uranium containing less than one per 
cent U-235. Though a natural-uranium reaction 
would release energy at a rate unsuitable for an 
efficient nuclear explosion, the demonstration that 
such a reaction could be maintained would have 
great significance. Among other things, it could 
lead to the construction of reactors capable of pro- 
ducing large quantities of plutonium. 

I n  Fermi’s experiment, lumps of natural uranium 
metal and of natural uranium oxide were placed 
in a “lattice” (a system of regular spacing) within 
a pile of graphite blocks. 

The  graphite was necessary to enable the pile to 
sustain a chain reaction. Here is why: 

When a uranium nucleus undergoes fission, neu- 
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troris corne o i i t  at high velocity. 111 it ria(itr,d ur‘t- 
niunt systcin, these high s p e d  i~cittroirs colliclc tvitli 
uianiuni niiclci of both kinds. Sonrr ol tlir collisioirs 
~ ~ i i i s r ’  iission, Iiut ni,tiiy otlier~ do not. MoC,t 01 tlw 
neutrons hcromc involved iri a s r i  ic.5 ol “c~lastic” 
(glancing 01 lmuic ing)  toll is ion^, with tturlci. Surli 
collisions e10 not rliiisc fissioit, m d  c,tch s u r l i  to1 
lisiori robs n IictitroIi ol sonic or it<,  51)ct rl. 

It linppcns that the vclotiry 01 it i i c i i t~on  h a s  a 
laigc, clfcct 0 1 1  wXiat tlic ncut i o i i  (an  do to ii u i i t  

iiirirvi riuclcus. As thr. velocity goes dowti, tlic nen- 
tron lows i t s  ;Ibilcty to caiiw hssion in [ I  238, wliilc 
acquiring coeii g?entpr abilit y to (airsc Iission ii i  

U-235. At .tvli<i I i s  ritllccl ‘‘h( I mal”  vclority (whcri 
tlir neutron lias lost all 01 11ic initinl impulse i t  
received from tlic lissioning nu( Icus) its ability to 
c l t i i w  fission i r i  U-235 ir, very liigh. 

Urifor tlinatcly, thctic is a t (’1 lain intci 171c(liittc 
velocity a~ wlritli it iieutroii i s  most lilccly to lie 
c :tptiircd b y  :I 11-238 iiuc1eu~, wit h u t  causing 115- 

sion. In  a cli.iin-rcactirig pile using ri‘ilur nl 111 A- 

niuin, it is thcv clorr clcsiraldr to  p i  rvrnt collisioris 
bctwccn riicdiiirn sprctl i i r i i t ron~ and liJ-238 nuclci. 
Chh~ iwis r ,  so many ncutiotis will bc captured tliat 
the thain reaction will die out. (It is c,x;tct[y such 
tnpturcr that r r s ~ t l t  in thc ioiination of plutonium, 
but Vcri-ni was i i o ~  yet trying for h a t ;  hi<, pile woiiltl 
require ‘I mnxiriin niinibci o f  €1 cc nrutroiir, j u 4 t  
to lcc~p the tli,iiri ic;trtion alive.) 

By using lumps  0 1  ur;tiiiuiri scpai atccl by blo~lc5 
01 gr<tpliitc, it is possil)lc to ‘rvoid i r iar iy  ol tlic 
IICUL~OII ccipturcs t l u (  would occur i n  ;I sti ucturc ol 
purr urmiuin,  Nrxuti ons l~roclriLctl by fissions in otic 

lump  or  lucl fly out 0 1  that lurrip m t l  into tlic 
giapliitc licloie thcy  have lost enough specel to be 
capturrd rcatlily by 1J-238 nuclei. In tlic giapliitc, 
thcy lose much 0 1  iltcii velocity, I)ccausc 01 cl,tstit 
~ollisions wit11 car Iwii riuclci. I3y tlrc1 tiiric the ncti 
11011s rcarh the iicxt lunip ol Lrrcl, thcy arc “ther- 
mal” (slow), ;mid arc iiot 50 likely to l i e  captirid by  
the U-238. 

Vcrmi’s pile produtcd its first s u s t  ainctl rliain re- 
i d o i l  i n  l)crcnitjcr, 1942, cxac tly one wccli c t f t c~  
thc Uitdri Srrirlary or W,ti ]lad tlircctcd tliat a 
4tc  ;it L,os hl,ini05, Kcw Mcxiro, lie acqiiircd lo1 

tted the ~)ossibility 01 tlic sustained chain 
rear t ion and gave gi cat cn( ow agcinciit to  those 
wlio plarittcd to i t s t ’  larger piles a s  n e u t i  oii soui(cs 
lor tlic 1m)d~ic tion ol plutoiiium. 

uctiori ol  oiic s t i t  h 1)ilc brgaii iii I cnncs~cc  
in  194 3. l iy  Novcmbcr 01 the sanir year, it was in 
o1)ciation. Witliin it lciv n i o n ~ h s  alter that, it Iiatl 
pioditcctl scvci a1 grains 0 1  pluLoniunt. 

I ~ o w c v c ~ ,  i n u ~ h  I N  gcr pluton ir i i i i  product ioii 
I e x  t o 1  s would lie i i c c ~ ~ s a i  y loi tlic piotlut tion ol 
cnougli plutoniurn to hc used in bomb Loics. In 
June, 1943, construction of s i d i  reactors began at  
LI:~nlord, Wasliiiigtoii, wticrc watci iroin thc 
Coluiiilia Rivci toiiltl bc ~ t i c c l  as a reactor ~oolaii t .  
13y h~ptctnbcr, 1944, thc first Ildnlord pile was in 
opt‘ratioti. I’lutoiiimm nit] atc I i o r r i  Harilol-rl would 
$ o o i i  join tlie flow ol fisiioii,iI,lc rnatcrial tliat wa\ 
;tIi catly moving Iroin tlic i t1  aiiiuni it i icl  pliitoniirin 
produt tion f,tcilities in ‘1’cnncssc.c~ toward the Los 
Rlamos I ~ b o i  atory. 

;I IlLL( I ( W  wc;l],on Iaho1 a101 y. 

A skctcti OF Fermi’s chain-reading pilo at the Ilniversity of Chicago. 
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learning about the materials 

Even before the United States entered World 
War 11, research on the properties of fissionable 
materials began in Britain and America. By the end 
of 1941, the following American institutions held 
government contracts for work relevant to the 
nuclear weapon program: 

Columbia University 
Princeton University 
The  Standard Oil Development Company 
Purdue University 
The  University of Wisconsin 
Stanford University 
The  University of Indiana 
Rice Institute 
Cornel1 University 
The  Carnegie Institution of Washington 
The  University of Minnesota 
Iowa State College 
Johns Hopkins University 
The  National Bureau of Standards 
The  University of Virginia 
The  University of Chicago 
The  University of California 
Washington University (St. Louis) 
Massachusetts Institute of Technology. 

By early 1943, when Los Alamos became the focal 
point of nuclear weapon research and development, 
a great deal had been learned about the chemistry 
and physics of uranium (U) and plutonium (Pu). 
Much more, however, remained to be discovered. 

The  Los Alamos Laboratory (it would not be 
known as “Los Alamos Scientific Laboratory” until 
January, 1947) was founded at the beginning of 
1943. Its operating contractor, then as now, was 
the University of California. Its mission was to 
create atomic bombs. This meant not only research 
and development, but fabrication of actual weapons 
for possible use in the war. 

Within the first months of its life, the Laboratory 
began research projects aimed at  finding answers 
to a variety of questions about uranium and pluto- 
nium: 

How many neutrons, on the average, are emitted 

10s Alamos scientists launched their research projects 
early in 1943 in a makeshift laboratory which quickly 
grew into this sprawling technical area. 
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Far lek: There was never enough 
housing for the mushrooming 
10s Alamos population and much 
of it was makeshift and tem- 
porary. Near left: In October 
'1943 major road improvements 
were underway OH State Road 
4 to carry the heavy trafTic in 
persetinel and equipment to and 
from 1.05 Alamos. 

i w t  lis'rio~i in U-235 and Pu-299? (1x1 thc casr 01 
I)lutonirmi, the cxpcrirncn 1s liad to be pcrlormcd 
with a samplc visible 1 0  thc naked cyc.) 

TIOW L i s t  arc the ncuiroiis tiavcling wlicn thcy 
at c o t n it i c d ?  

l l ow lilccly arc iicutions ol high, low, and a11 in- 
tcrinctlia tc s ~ ) ( w I s  to cauw fission in l J  235 i l l i d  iri 
l'rr-28')? 

I T O W  loiig i i  titric (incaning what Iraction or ;I 
millionLh 01 .i second) cl;lt)sc~ bciwecn fission nnd 
tlic cinisyion oj vi1 tually d l  the Iisiion neutrons? 

Would sonic compoLiii(L like 111 anium hydride 
have ;itlv;mt,iges over mci allic rirnniurn a 5  a I)ornb 
jucl? 

Wlut x e  ilic best piirification processes lor 
111 a r i i t i r n  a r i t l  plutonium, and what ;in;ilytical 
mc(lioc14 will hcst nicawrc small amounts 01 im- 
pin i~ ics in the two inatc~ials? 

'!'ltosc~ wcrc tlic main uii~insweicd clucstioris almiit 
i1s. (n/[;l~iy rcicill t h  1 m ~ l h i n s  ;ibout 

other irinttcis tormcctcd with 11io bomb had to bc 
tacklctl driring the sdiiic period, m d  will b~ dis- 
cuswcl in a latci section.) 

Uiiiquc rxpci inirntal iecliiiiqrirs wcrc dcvisccl 
io pioducc and count ncutroris ol specific cncrgics 
(speeds), to iiicasui e fission in various matcrials, 
ilnd to measur c iion-hssion rcactioiis induced by 
nrutrons. Ways 01 preparing plutonium and ura- 
niuili metals oi urilxeccdeiitcd purity wcrr dc- 
vclopcd, together with siritablc special methods of 
i i rd i in  ing and fabrication. 

'L'ltic myrtcr ics that hat1 previously surroundcd 
the ( hemistry, phyhics, arid inctallurgy of the corc 
rnatcrials wcw beginning to Ix solved. 
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In Los Alamos by day great minds pondered the bomb 
problems, by night, talk turned to less secret discus- 
sions, From left to right across both pages: Enrico Fermi 

with I. D. P. King; Eric Jette, Charles Critchfield, J. 
Robert Oppenheimer; Edward Teller with Norris Brad- 
bury; E. 0. Lawrence, Fermi and 1. I. Rabi. 

desianina the bomb 
The  problems of bomb design were still formid- 

able. Even i f  the core materials could be delivered 
to Los Alamos in time (and sufficiently purified 
there), and even if they could be shown to be cap- 
able of supporting a chain reaction (no longer a big 
if), the most important question remained. How 
does one use plutonium or uranium in such a way 
as to produce an efficient explosion? 

It was clear that almost any chain-reacting sys- 
tem could be caused to overheat, and perhaps even 
to blow itself apart. If that had been the only re- 
quirement, there would have been no problem. 

For military effectiveness, a mere “runaway chain 
reaction” would not do. Such a reaction would 
release hardly more energy than would suffice to 
disrupt the materials in which it occurred. What 
was needed was a device that would release a great 
deal of energy almost instantaneously, so that the 
reaction could proceed a long way toward comple- 
tion before being quenched by the dispersal of 
the fissionable material. 

One of the requirements for such a device be- 
came obvious very early in the program: The  fis- 
sion chain would have to be sustained by fast neu- 
trons. Even if military considerations had not 
dictated that the bomb be as compact as possible 
(which they did), the inclusion of moderating ma- 
terial to slow the neutrons would result in a re- 
action too slow for efficiency. 

Another requirement was speed of assembly. As 
the core passed from its subcritical, or safe, con- 
figuration to its supercritical, or explosive, con- 

figuration, it would inevitably pass through con- 
figurations that were barely critical. Fast assembly 
would be necessary to prevent the reaction from 
beginning too soon, before the optimum configura- 
tion could be reached. 

For the sake of explosion efficiency, it was in- 
advisable to depend on “background” neutrons 
(free neutrons unavoidably present in the bomb 
at all times) to start the reaction. The  only way to 
be sure the reaction would start fast, and at exactly 
the right moment, was to arrange an internal neu- 
tron source that would deliver millions of neutrons 
in a single burst at the instant of complete assembly. 
Devices called “initiators” had to be developed to 
supply these neutrons. 

A fourth requirement would be an envelope of 
some heavy material around the core. This envelope 
(called a tamper) was necessary both to reflect 
escaping neutrons back into the core and-much 
more important-to retard the expansion of the 
core as much as possible, so that the critical con- 
figuration could be preserved a little longer, permit- 
ting more fissions before the bomb blew itself apart. 

All four of these requirements, and a number of 
others, had to be met before an efficient explosion 
could be produced. This meant not just engineer- 
ing, but additional fundamental research. Know- 
ledge had to be gained about the feasibility of a 
chain reaction with fast neutrons, about the amount 
of fissionable material that would constitute a fis- 
sionable mass in various geometries, about the pos- 
sible neutron-producing reactions that might be 
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usrfiil in ail initiator, arid ahoat tIic nuclcar 
< l i a i i ~  teridcs ok possible t,imper materials. A trc 
aicmcloirs inatl.rematic a1 cff ort hatl to be devo~cc~ 
to calculations relatcd 1 0  ihc physic 5 a d  tlicrino 
tlyrianiics o f  iltc bornb. 

Aiid, sin( c no ;iss(mb1y rnctliod would 1)c last 
ciiorrgh unlcss if inatlc usc ui high rxplosivcs, an 
intciisivc siutly 01 tlic polei~tinliiics ol rhcniical 
cxplosivcs lor [hi$ purpose Iiatl to br rmitlc, 

I n  principle, two geiici a1 iiicthotl? of 
appcarcd p o s ~ i b l ( ~ .  Chc  w<is tlw so-called “gun” 
mcthoti, in wlincli oiic suhci itic a1 mass ol fissionable 
niaic,ri;il would br fired as a projcctilc ai ii targcf 
consisting ol anothcr subcritiral i r m s  of i~qsionablc 
inatcriiil. When proirctilc mvt ~argct ,  thc two to 
gclhvr would OIJStilLllc‘ ii  sulrru-itical iniiqs. ( l h c  
gun, with its cxplosivc t h ; u ~ ~ L c  a i d  its Iivhnal)lc 
projrctilc, would have to bc (~i( lovd iii the b o d )  
casing, along with the taiget.) 1 hr oilicr assembly 
trictliod was “jiq)losiori,” in which i i  sliglit ly sub- 
critic-a1 mass ol Gssionablc material would be sur- 
I onnded by hi$ cxplosivcs. Wlien tlicsc cxplosivcs 
wcrc dctonatcd, they would comprcss I Iir fiscionabl(. 
mater ial, thcrcl, y iiici cwitig its drnsity (tlcc rcasiiig 
the distances betwem target nuclei), i t 1  us rcndcrinp, 
it suprrcritical. 

Tlic gun mctliotl appeared to be tlic casicr to 
develop. It involved principles alrr~:idy wvll undrr- 
stootl by orrlnmcc cxpcris, whilc the implosion 
rrictliod introcliucd entirely ntxw pi inciplcs or guid- 
ing cxplosivc r-nergy. IJntil 1944, it wa5 hoped that 
the guri nictliotl might work Eoi botli 111 aiiium and 
plutonium bombs. It was it somewhat slower &tonit- 
tion system than iinplosion was, b u t  i ts  clcvclopincrit 
woii Id rcquii c A c WCI trrlinolog ic al  iriiiovations. 

In 1944 came thc veiificatioii of a piccr of bad 
I J C W ~  rumored ri littlc cnilirr: ‘17ic gu11 mclhotl 
was unsuitable Cor plutoniuiri hombs. T h e  rciison 

wa5 t h a t  plutonium produccd in nuclear reactors 
(such as tliosr at Oak liitlgc ant1 Ilanlord) con- 
taincti ii significant percentage 01 an isotope 
identified a s  Pa-240. ~’~utoni~irn ol t h i s  mass iiuui- 
her had a strong tendency toward spontaneous Gs- 
siou, icleasing neutrons. ‘This produced an un- 
usually high iirulioii background in plutonium 
containing ttic 240 isoiope. Therefore, assembly of a 
plutoiiium lmmb would have I O  bc lightning-fast to 
prrvcnt prcniatui c initiation 01 the chain reaction. 
Asscrnbly by tlic gun inctliocl would bc too slow; in 
i i  plutonium t~omh,  it would liavc to bc, implosion 
or nothirig. 

Wil 11 tlic cliscovcry 0 1  Pii-240, Los Rlanios scicn- 
lists and ciigiriccrs increawd their cilorls to s o h  
the problems of implosion. Mcanwhilc, the gun 
method was bring pcrfcctccl for use in a uranium 
Imrlb. 

‘ I  he simplcst way t o  procrctl might have bccii 
to Iiuiltl a few cxpcrimcntal 1mmh in (lie c;irly 
iiiriclc,cn-lortics aiid try thcm out. Not ttic least of 
lhc I ,aboratory’s problems arow lroiii the impos- 
5ibilily or doing this. I3y the lime the precious 
stiipinciits or fissionable matcrial arrived a i  Los 
Alamoi, ii workahle bomb design hatl to he ready. 
Vm ioris components a i d  sub-assemblies could bc 
tested by themselves, but no integral tcst ol the 
weapoii would be possible until long a1 trr the timc 
when such testing might Yiavc scrvcd its purpasc 
bcst. 

In spite oi thcsc difficulties aiid others, the dc- 
signs wcic created. l<y means ol a combination 01 
thcorctical arid cxperimcn tal work, 01 pure st i- 
eiice and nuts-and-bolts eiigiiiccriiig, both tlic 
uranium and the plutoniurn bomb wcrc brought io 
rcatliness sooil aitcr thc middle ol 1945. 

Ncithrr, however, Iiad ever been tried. 
Nol until Ju ly  16, 1945. 
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SANTA FE NEW MEXICAN 

Los Alamos Secret Disclosed by Truman 
ATOMIC BOMBS DROP ON JAPAN 
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Generul Douglas McycArt hur watclim a s  thc Japanese foreign minister signs the 
surrender docwrrerit choarcl the 1LS.S. Mimouri on September 2, 1945. 



Construction of a linear accelerator for a broad pro- 
gram of meson research has been proposed for Los 
Alamos. Meanwhile, design, prototype fabrication and 
testing of each component for the facility is being 
undertaken. Here a two-cell cloverleaf waveguide is 
tested under mockup conditions. 

divided to form lighter nuclei). In  spite of these 
great differences, the energy liberated by both kinds 
of bombs is nuclear energy, and the two develop- 
ment programs were equally at home in Los 
Alamos. 

Since the Mike test, the people at Los Alamos 
Scientific Laboratory have proved their versatility 
again and again. Though LASL remains the na- 
tion’s foremost center for nuclear weapon develop- 
ment (having created more than 90 per cent of all 
the fission and fusion warheads and weapons in the 
country’s stockpiles), the Laboratory has greatly 
broadened its range of activities. 

Only about one half of the total LASL effort is 
now devoted to weaponry. Other programs cover 
a broad spectrum of investigation and development 
looking toward peaceful uses of atomic energy. 

Beneficial exploitation of the atom at Los Alamos 
actually began as soon as the Laboratory was 
founded. Though the whole first purpose of the in- 
stallation was to develop nuclear weapons, the 
nature of that purpose entailed a great deal of 
purely scientific research. I t  required people and 
equipment fitted for much more than the creation 
of bombs. 

I n  addition to the enriched-uranium reactor de- 
velopment before Trinity, Los Alamos reactors us- 
ing entirely different fuel systems have been created. 
One of them-the world’s first plutonium-fueled 
reactor and the first to rely on a fast-neutron fission 
chain-went into operation in 1946. I n  more recent 
years the Laboratory has developed a reactor using 
uranium phosphate fuel and another using molten 
plutonium. One present goal of the Los Alamos 
reactor program is to find good ways in which to 
design “breeder” reactors-reactors using neutron 
capture reactions to produce more fuel than they 
consume. 

Los Alamos has also created the first half-dozen 
rocket propulsion reactors (not intended to be 
flyable engines themselves, but designed to show 
the way toward the creation of propulsion systems 
far superior to those now in use). 

Another peaceful program is Project Sherwood, 
in which ways are being sought to harness the 
H-bomb fusion reaction and make it do useful work. 

Twenty years after Trinity, Los Alamos continues 
to make scientific and technological history. Reach- 
ing to the unknown is a hard habit to break. 

left: Looking to the future in space, Los Alamos this 
summer began the first of a long series of tests of the 
new Phoebus-type reactors, successsors to the famous 
Kiwis. Phoebus reactors, such as Phoebus I shown here 
during final assembly in Nevada, are intended for the 
higher power levels and longer life required for rocket 
engines for deep space missions. 



A new reach to the unknown-tmbing the aurora borealis to investigate CI 

region si the ,auroral !;pc?c.trum beyond visible light known as the vacuuin ultra- 
violet regian. LASL lounclitd two sl.’“i”tloiiietor.ctlrrying Nike-Tomahawks from 
frigid Fort Cliurchill on Canada’s I-ludson t h y  this spring. 
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